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PREFACE. 



In connection with Mb Text-Books of Geology, the Author 
has long meditated the production of two similar works 
on the closely-allied science of Physical Geography. The 
two subjects are most intimately connected — Geology form- 
ing, as it were, the groundwork of Geography, and Geo- 
graphy, on the other hand, becoming the field in which 
the operating causes of Geology are most obviously and 
intelligibly at work. The one becomes, in fact, the com- 
plement of the other ; and the student of Geology can have 
no better preliminary training than a systematic course of 
Physical Geography; while the student of Geography can- 
not more readily ascend to the higher problems of his 
science than through the teachings of Geology. Though 
thus closely related, the two sciences may be studied, each 
on its own basis ; and a large amount of knowledge may be 
acquired respecting the geographical conditions of the world 
— its lands, waters, and atmosphere ; their mutual actions 
and reactions ; the distribution of mineral, vegetable, and 
animal productions ; and the bearings of these on the intel- 
lectual and social progress of man — ^without knowing more of 
Geology than merely being able to appreciate and apply its 
more obvious deductions. 

Convinced of this, the Author has endeavoured to pro- 
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PHYSICAL GEOGEAPHY. 



I. 



INTEODUCTOEY OUTLINE. 



Aim and Objects of the Science. 

1. Geography (from two Greek words, ge, the earth, and 
graphCj a writing or description) embraces, in its widest sense, all 
that can be known of the superficial aspects of our globe — ^its lands 
and waters, their extent and configuration, their altitude and depth, 
the atmosphere that surrounds them, their varied conditions and 
climate, and, finally, the distribution of the plants and animals by 
which they are respectively peopled As Geology labours to inter- 
pret the rocky structure of the earth, and to write the history 
of the various mutations that structure may have imdergone ; so 
Geography endeavours to describe its external conditions, and to 
explain the causes by which these conditions are produced, and the 
purposes for which they are apparently maintained. 

2. A science embracing so wide and varied a subject will readily 
present itself imder several heads or departments ; and thus we may 
have what is termed Mathematical Geography ^ which devotes itself 
to the size, form, motions, and general divisions of the earth as a 
planet, forming part of the solar system; Political Geography, 
which relates to the arbitrary subdivisions of the earth into empires 
kingdoms, and states, with their populations, manners, religion, 
laws, industry, commerce, and other features distinctive of such 
subdivisions ; Descriptive or General Geography, which restricts 
itself to a mere account of the external aspects of the lands and 
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AIM AND OBJECTS OP THE SCIENCE. 13 

Se^e^l *^® ?^^®^*^ ^^ *^°®® principles, of those ideas, of those 

4 ^* ^® *®' ^y ^^^^ weU-constituted mfiids are nurtured?" 
bea««?^i^^ i^ *^ conception of his science, and viewing the 
meete ^^,^^^^^ed field before him, the student of Geography 

finds a ^ f ^T^®°^ ^ ®very phenomenon that presents itself, and 
do two ^^^'^^^^ ^ every incident that occurs. Why, for instance, 
such rliff^^ ' ^^"^^"^ *^® ^°*e parallels of latitude, present 
envel^T^''^^'^''^**®^ Whyaremountain-heightsperpetuaUy 
and bl ^Q ^^^^' ^^® *^® ^^^®^ ^^®» ^® clothed in verdure 

ramlej^^^Ti ^^^ ^^^^ ^^® ^^^^ ^^ * continent be arid and 
do th^' ^A *^^*^®^ ^ deluged with periodical torrents ? Why 
one di^"^ ^ ^^^^ latitudes blow steadHy and for weeks in 
8lioiil!f ^^ ' ^^® ^ another they are fitful and irregular ? Why 
sweO^ o^e expanse of ocean be stiU and tidelesd, while another 
BhouW ^ , ^*^ *^*^®®' *°^ ^® traversed by currents? Why 
and di ?r^*® ^^ animals that flourish in one region, dwarf 

soil ^ ^^* -1 *^'^^^®^ed to another that seems equaUy fertile in 

foot Tr ??i ^ ^^^'^^^^^ ^ ^^y ®^^^^ *^e ^®^ a* *^® mountain 
thoTi8a*^H^Tu^^i_^®^^ ^^ dressers of vineyards, wHle those a 
one count kT? ^ lierdsmen and shepherds ? Or why should 
of intell^*^ 1 . ^e'^® o** ^^^7 industry and successful commerce, 
and even ^ activity and mental culture, whUe another, as fair 
indolent H.^^^ fertile, remains the mere squatting-grounds of 
sand simi^ !?*' ^^ semi-civilised hordes ? These and a thou- 
l?eocn»Ti>»i^oi^^^^ ^^^ P^®® themselves upon the attention of every 
^e^^^d '^^''' *^*1 ^^« ^e facts may be detailed with 
Geography in Z^7 ^^ Descriptive Geography, to Physical 
*he pli^Qomena^l^^ ' ^® ^^^ *^^ ^^^ * lational solution of 

^^^^'^Phylp^^'t^^'^ °f ^ s^^jeet the student of Physical 
Ifete, motions, ^ ^Astronomy for what relates to the figure, 
4BBalogy for the atJ^^ primary conditions of our planet ; to 
'*^ch forms, as it ^^^^^ and constitution of the rocky crust, 
^Ttology for mu x^^^f *^® groundwork of aU. Geography ; to 
B^; while fro ^^^^ belongs to climate and its allied phe- 
t aid in deaJi Chemistry and Physiology he derives im- 
^ and aniix^i^ ^th the nature, growth, and dispersion of 
ffcean: what is its * 'fhere, ^or exampl©) is an island in the 
' '^ ^^ ^rtncri' .^^^hion ^^ ^he earth's surface — that is, its 
^ '^^ * ^ben will its sun rise and set, o^^mpared 
. what ar^ *^® limits of i'te sedlfens; 
Il0oW; wlJ^^ ^ *^® ^^^^^ ^^ gravity at 
•Wii of the xxi^g^eti<^ needle? andma^y 
Ttese, Sirica J^ ^P^akmg, belong to Astro- 




14 INTRODUCTORY OUTLINE. 

nomy and Mathematics ; but the geographer, availing himself of 
their aid, appeals to them for the solution of these problems. 
Again, the island is rocky and precipitous towards the north and 
west, while towards the south and east it falls away in gentle 
slopes and terraces. The north-western section presents, in the 
main, a series of basaltic crags and rocky hill-tops, while the 
south-eastern consists of clays and loams that lie on upturned 
strata of sandstones, limestones, and shales. There is a small 
circular lake or tarn up among the hills, while along the junction 
of the sandstones and basalt numerous springs rise and &id their 
way to the low lands below. This is the structure of the island, 
and Geology endeavours to explain it Further, while the hill- 
tops are often enveloped in mists, the lower slopes rejoice in sun- 
shine ; and not unfrequently, when the heights are covered with 
snow, the low grounds are fresh and open. The rainfall on the 
western coast is several inches more than that on the east ; and 
the north-east winds are cold and parching, while the south-west 
are warm and laden with moisture. This is its Climatology, and 
Meteorology lends her aid to an explanation of these opposing 
phenomena. Still further, the plants that flourish on the basaltic 
crags are never found on the clayey slopes below ; while even on 
the slopes and terraces different plants affect different soils, though 
exposed to the same sunshine and moisture. Chemistry and 
Physiology resolve these problems ; and Physical Geography, 
while it describes and accounts for the whole, must own her obli- 
gations to these and other allied departments of natural science. 
Though drawing, however, in this manner from other sciences, it 
by no means follows that the student should be deeply read in 
Astronomy, Geology, or Meteorology. All that is necessary is. 
that he be able to perceive the connection and interbearings of 
these sciences, and be capable of appreciating the importance of 
their deductions in as far as they relate to his own immediate 
study of Physical Geography. 



Theoretical and Practical Bearings. 

6. The value of such a science must be obvious to the most 
casual observer. To determine the relative extent of the land 
and water that constitute this terraqueous surface — the varying 
altitudes of the one and the depths of the other, the climates of 
the one and the winds and currents that traverse the other, with 
the infinitely diversified mineral, vegetable, and animal produce 
tions of both — is not only a source of high intellectual enjoyment 
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— and cultTiTe, but a task of prime industrial necessity. This globe 
is the sole scene of man's earthly labours — ^his cradle, the theatre 
of his life-actions, his grave ! Scattered over its surface, separated 
by sea and mountain, enjoying different climates, and placed in 
proximity to different mineral, vegetable, and animal products, it 
is a natural necessity that different nations should trade and barter 
with each other. To ascertain the peculiarities of this varied 
surfiEice, to learn the variety of its products — ^to know all, in fine, 
that relates to the home we tenant, and the comforts and neces- 
saries with which it is furnished, as well as the obstacles or facili- 
ties that lie in the way of obtaining them — ^is the simi and sub- 
stance of Geography. The observation and reasoning required in 
geographical research, the amount of information obtained, and 
the curiosity gratified by faithful descriptions of distant and 
diverse regions, constitute, on the one hand, its theoretical value ; 
acquaintance with their mineral, vegetable, and animal products, 
now so indispensable to civilised existence, the conditions under 
which these occur, and the capability of the latter for naturalisa- 
tion in other coimtries, form, on the other hand, its economical or 
piaxjtical importance. 

7. To the navigator dependent on the winds and currents of the 
ocean, what more necessary than a knowledge of the times, direc- 
tions, and limits of these aerial and aqueous movements? The 
determination of shoals and sandbanks, of sunken rocks and reefs, 
is no doubt highly valuable ; but it is a higher effort of philo- 
sophy to determine the causes and courses of Siese wind and water 
currents — ^to teach the sailor how to shim the storms of the one, 
and to cast himself on the favouring stream of the other. To the 
pioneer and settler in new lands, what more important than* a 
knowledge of the jclimate, the seasons, and the products of his 
adopted home? or what more valuable than the teachings of 
Physical Geography to the merchant-traveller in search of new 
objects of enterprise and sources of wealth? To the botanist and 
zoologist, who deal with the strictly scientific aspects of natural 
history, as well as to the gardener and fanner, who seek to natural- 
ise the plants and animals of different regions, there is no science 
whose bearings are so immediate as that which reveals the geo- 
graphical distribution of life, and the causes that determine the 
order of that distribution. To the physiologist and psychologist 
who would study the influence of climate and other external con- 
ditions on health as well as on mental character ; and to the poli- 
tical economist and statesman who have to deal with the peculi- 
arities of different nations and the products of their coimtries. 
Physical Geography becomes a science of direct and important 
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interest Combining, therefore, its theoretical with its practical 
bearings, our science has paramount claims alike on the attention 
of the philosopher, the statesman, the sailor, the farmer, the mer^ 
chant, and manufketurer. 

a To present an outline of this science in its higher bearings is 
the object of the present treatise ; and the student will best ac- 
complish his purpose who step by step confirms the statements of 
the text by reference to the maps of his Atlaa By this double 
process any little difficulty will be more readily mastered, while 
the facts will be fixed more clearly and permanently on the memoiy. 
Every principle, thoroughly understood, becomes a key to some 
other problem ; hence the value of systematic treatment, and the 
necessity of a clear comprehension of the successive stages by 
which the higher problems are attained* The study of General 
Geography— the positions of towns, courses of rivers, heights oi 
mountains, and the like — ^is for the most part little better than a 
task of memory ; Physical Geography, on the other hand, requires 
reasoning at every step, and the student will find his reasonings 
greatly assisted not only by the systematic use of his Atlas, but by 
the habit of appealing to the phenomena presented by his own 
immediate district There are few localities, however limited, 
that do not present their alternations oi hill and dale, of lake and 
river, of warm winds and cold winds, of periods of drought and 
periods of rainfall, of plants that love the marsh and others that 
thrive only in the thirsty upland ; and by noting such distinctions, 
and the causes concerned in their producti(Hi, the mind by such 
training will be better prepared for the comprehension of the 
phenomena of wider and more varied regions. As the botanist, 
zoologist, and geologist find the objects of their studies in every 
walk through the fields around them^ so the student of Physical 
Geography will find the illustrations of his science in every locality 
he may visit. Every district has its own features of high4and and 
low-land, its streams and lakes and rivers, its peculiar winds and 
rains and frosts, its special arrangements of plants aijid animals; 
and he who understands best the governing causes of these local 
peculiarities will be best able to deal with the general problems 
of Physical Geography, There is nothing fortuitous in the 
economy of our planet : every breeze that blows, every cloud that 
sweeps across the firmament, and every shower that falls— fickle, 
uncertain, and local as these may appear— are as much the results' 
ot Uw and law^directed forces as the rising and falling of the tides 
or the revolutions of the planets. Impressed with this conviction, 
and seeing how closely every incident in nature is connected with 
another, the student wiU consider no occurrence as too trivial 
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and no fact as too insignificant, to deserve his attention. Im- 
pressed with this conviction, the most fitful and uncertain pheno- 
mena assume the character of regularity and order, and the de- 
terminatioji of the law of their recurrence becomes a hopeful and 
exhilarating pursuit 



NOTE, RECAPITULATORY AND EXPLANATORY. 

In the preceding paragraphs we have endeavoured to show that 
the object of Physical Geography is to describe the external con- 
ditions of the globe, and discover the causes by which they are 
maintained or modified. It treats of the earth's surface as com- 
posed of land and water, determines their extent and configuration, 
their altitude and depth, the climate and other conditions that 
influence the growth and distribution of the plants and animals 
by which they are respectively peopled, and, rising above these, 
endeavours to accoimt for the mental and social peculiarities of 
different nations as seemingly dep^dent on external phenomena. 
Deriving from Astronomy what relates to the figure, dimensions, 
motions, and other primary features of our planet ; from Geology 
the structure and composition of its rocky crust ; from Meteorology 
the proximate causes of the diversity of climates ; and from 
Chemistry and Physiology the more intimate nature of vegetable 
and animal life, — Physical Geography proceeds to apply these 
adjuncts to its own proper field of inquiry, and from the whole 
deduces a rational and connected account of the cosmical pheno- 
mena by which we are surrounded. " Its ultimate aim," in the 
words of the immortal Humboldt, " is to recognise unity in the vast 
diversity of phenomena, and by the exercise of thought and the 
combination of observations, to discern the constancy of phenomena 
in the midst of apparent changes." As a science of observation 
and deduction in connection with the external conditions of the 
beautiful planet we inhabit, it possesses high intellectual attrac- 
tions ; and as bearing on its mineral, vegetable, and animal pro-, 
ducts — their abundance, distribution, and capabilities of dispersion 
— ^it becomes to civilised nations a study of prime industrial 
importance. 



B 



IL 



JiiZ ZIKTU — ITS GZSTERAL OB FUk^TETAST BELAIIOSa. 



i^, hr the gfmeral relations of the eaitb are mesnt tboee 
cr/ndjt]rjTj» of form, nze, denfdtTy motion, and the like, which he- 
h/Jt^ tr> it a« a member of the planetary system. From these con- 
dttioiM arise all those maltifarioas actions and reactions that take 
place on its sorfiace— the alternations of night and day, heat and 
cold, summer and winter, growth and decay, the winds and mo- 
tions of the atmosphere, the titles and currents of the ocean, and, 
in fact, all that confers on it geographical diyersity and change. 
Thus, on its axial rotation depends the recnnence of light and 
darkness ; from its revolution ronnd the son arises the saccession 
of the seasons, with all tiieir varied effects on y^etable and animal 
life ; from the unequal reception of the sun's heat by the terra- 
queous surface and atmosphere result the multifarious phenomena 
of what we call weather and climate ; while from the attraction 
of the sun and moon, and the earth's own proper motions, spring 
the How and ebb of the tides, and the other great currents of the 
ocean. The consideration of these conditions belongs, no doubt, 
more especially to Astronomy and Physics, but as much may be 
liore recapitulated as will enable the student to lay the foundation, 
as it were, of his own special science. 

10. The province of Physical Geography is not merely to ob- 
Morve and describe, but to explain and determine. Here is a globe 
revolving and rotating in obedience to the laws of gravitation and 
attraction ; and as motion is inseparably associated with change — 
change of place or change of condition — the nature of these changes, 
ttTid the secondary results arising therefrom,, constitute the l^ti- 
nmto themes of our science. Manifested on or near the accessible 
surface, these phenomena become apparent to every observer ; but 
tho producing causes ore often so complicated by action and re- 
actio*^ on each other, that without a knowledge of the general 

/ 



FIGURE, MOTIONS, DIMENSIONS. 19 

relations of the earth, it would be impossible to arrive at a satis- 
factory determination. As there is no independent existence in 
nature, so it is necessary to have some idea of the whole ; and as 
our planet is but one of a brotherhood, it is necessary to the com- 
prehension of its individual constitution to have some notion of 
the relations that subsist between the fraternity. It is for this 
reason that Geography appeals to Astronomy for a knowledge of 
the planetary conditions of the earth, in as far, at least, as these 
appear to bear on its superficial phenomena. 

11. Astronomers have determined that the earth we inhabit is 
one of a number of planets that revolve, at different distances and 
with different velocities, roimd the sim as a common centre, con- 
stituting what is termed the Solar System (Lat. soly the sun). 
These bodies — some of which are nearer the sun than our earth, 
and others more remote, some vastiy larger, and others smaller — 
are nearly all spherical in form, and move from west to east, in 
courses or orbits more or less circular. The distance of the earth 
from its central orb is 95,173,000 miles, or, in round numbers, 
ninety-five millions of miles. Its time of revolution round the 
sun is about 365J days — or, more precisely, 365 days, 5 hours, 48 
minutes, and 50 seconds — and this period of revolution we desig- 
nate a year. Besides this annual revolution round the sun, the 
earth rotates or turns on its own axis in 24 hours, or, more exactiy, 
in 23 hours, 56 minutes, and 4 seconds — and this period of rotation 
constitutes a day. In other words, the earth rotates three hundred 
and sixty-five times during the course of a single revolution ; and 
thus the more frequent and obvious motion of daily rotation has 
been taken as the unit of measurement for the larger and less appa- 
rent. In these movements of annual revolution and daUy rotation, 
the earth, like several other of the primary planets, is attended by 
a minor or secondary body, which revolves roimd her as she round 
the great central luminary of the system. This secondary planet op 
satellite (Lat. satelles, an attendant) is the Moon, which lb 2160 
miles in diameter, and which completes her revolution round her 
parent orb (at a distance of 24,000 miles) in 27 days, 8 hours— or, 
in round numbers, in 28 days, or one lunaS* month. These motions 
and times of motion are determined and influenced by the attraction 
and gravitation of the sun and other planets ; and it is by the same 
great forces that all the heavenly bodies that lie beyond our system 
are held in harmonious order, and, in all likelihood, in analogous 
fraternities. As the secondary planets revolve round their prima- 
ries, and these, again, round the sun, so the solar system itself may 
revolve roimd some vaster centre, and this order of things through 
systems and centres that baffle the grasp of our finite conceptions. 
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^ X ^l,f/. 0.tft \^ ftti( ih*t i/fr*u%i /'mitrft of light, heat, and other dlie- 
^^ rr i^/r^ff^ /r/ /•^, ti h* i 4^^nnf)\y followM that, during the earth's rotation 
ffff h*-^ n^t^, ///fl/ imt- hrtif of Imr Murface can be exposed at a time 
^ff^^,,.Mt, ttfHft*ftf*'*f nut\ U^uui Uio alternations of c?ay and TMj^A^, 
*yf/> fi\ Mr/* i^K' tftfUit'Ufi t-hrtt m'.<'.(iiiiimny these alternations. But day 
mff\ hf^H H^f* (4 fitit'^imi tiU(\ varying length at certain localities, 
H^f^ff^hffj( Uf i\iH umiHiimi mm\ ihuMO neaBonal successions are caused 
\i)l Ufti fwi^ Jlf'nlf \\m\, Mjtt nililt or path of the earth's revolution 
tiiHlui WtH mift U Wt^< n |H«i'fM<',t (ilrcKs but an ellipse ; and, second, 
iUn^fih mfftHiiUt^i i\iU I'MVoluilcm hor axis is not perpendicular, 
hid iwihhM\ Mir nu Mti^jtt of 00 (logreos 2t^ minutes to the plane 
nt Uttr orl/li, 'I'Uu wroiiimuiying diagnim will assist in explaining 
iii» (iimniu\\uuu'4tn of Mh ♦tjllpilcal orbit and obliquity of axis. Thus 
H Im Huiif wlilt iltM oiu'ih roproHcntod at four different points in 
linr M\\\\Ui\ orliji, At A and 1) the light and heat of the sun strike 
at tht« (MjUHtoi'iOf iiiiddlo liuo, and consequently day and night are 
of ii(|ual dumtlnu. At any intermediate position, day and night 
WW rt^Kpootiviilv lungthenod and shortened : when at C, the nraih 
i>()]0 |g ^ ' tuul when at D, the south pole is in the same 
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state. When the point presented to the sun is at e (which is on 
the 22d December), it is midsummer to all the southern parts of 
the earth, and winter to all the north ; but as the exposed part 
advances towards the point/, the northern regions gradually re- 




ceive more and more heat, till, on the 21st of June, it becomes 
their midsummer. Having glanced at the main systemal motions 
of the earth that regulate our days, years, months, and seasons, we 
shall now advert to her own proper dimensions, as determined by 
the astronomer and mathematician. 

13. The body which thus rotates on its own aads while it re- 
volves round the sun, and is in turn revolved around by the 
moon, is not, strictly speaking, a sphere or globe, but a spheroid 
(Qr. sphairaf a globe ; eidos, likeness), or body of a sphere-like 
form. A diameter taken along its axis, or the ideal line round 
which it rotates, is only 7899.170 miles, while one taken in the 
opposite direction is 7925.648 miles. The one diameter thus 
exceeds the other by about 26^ miles, thereby causing a deviation 
from the true globular form, and producing what mathematicians 
term an chlate spheroid — ^that is, a figure flattened in the direction 
of its axis, and bulging out all around somewhat in the shape of 
an orange. Such a figure can be readily produced by rapidly 
spinning a ball of yielding material (like soft clay or putty) round 
its own axis, when the tendency which aU revolving bodies have 
to fly off from the centre (centrifugal force) causes the mass to 
bulge out at the rotating circumference and to flatten in propor- 
tion at either end of the axis. ( To this centrifugal force arising 
from rotation, and to some original yielding condition of the 
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and the circumference an 25,000 miles. The Bnperticial area of a 
globe of thefie dimeriBioas amounts to 197 mlllionB of square 
miles; and of these about 51 millionH conaist of knd, and 146 
ioillioiis are occupied by water. The proportion of land to that 
of water may, therefore, he said to be, in round numbers, as one 
to three; or, in other words, while one-fourth of the earth'a sur- 
face cDMista of dry land, the other three-fourths are covered by 
the waters of the ocean. This is not the place to inquire into the 
causes of this unequal distribution, or the purposes it was meant 
to subserve; but we may rest assured that it is the result of 
Design, and in necessary harmony with the higher and vital 
yoidjnances of nature. TTie lolid content* ot the mass have, in 
like manner, been computed to exceed 260 thousand millions of 
cnhic miles — an amount which, though expressible in figures, is 
altogether beyond the grasp of human conception. It is enough, 
then, for the student to be convinced of the magnitudes of such 
Miounta, without troubling himself with the remembrance of their 
numerical expressions. 

[Tbough impossible to gnjsp the conoepUoa of the numerical amounts, 
we may here, for the sake of compariBon, eihibit in tabular arrangemant 
™ diameteni, solid contenta, volumes, weight, and gpecifio graTitiea of 
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frrmiction; and W it^nl^ T^ ^^^ by the face of 

own axM, the particles of its mm be^t nt ^^u ^ '" '^ 
that of c«,r;x/-«,a//c^, -h^ex^titehf " I T^ 
2- of notation, and in proix,rtior^tL?^ta? 

polea Gmntation and centrifugal fonre are thus th^C^ 
counteractinK powe« by which the earth i. su^^ IT 
.l>hen„<kl form; and any variation in its dimenZ^ 1 
y^huily of rotation would be accompanied bj a pm^ 
deviation fn>m ltd existing form. ^ 



(It hu been prored. we hare itid, by the tttnnomer and 
ticua, that Che tnia figu« of the eerth ia^J^^^ 

•niinwy obeerrer bee maoy piwA, amoo^ WSch may be iJatio 
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her huiJ, oext of her lower or main aail^ and iMdy of heTl 
Deooaau. thut clearly cbowiDg thet ahe ia paniv ow a c 
bu-iniv wHice. 2. Thereyeneof thiaalsohoWrtroe- forthe 
M he apftfxjechef the land, fint seei the mountain-topB, and on 
mmnng it, the lower ground* gtage by tttfe WMka their appeei 
H*d the eerthi eurface beeo flat, it would hav« bean aB !?«, 
Bated by the raji uf the ann ; but beii^ oott«nomand.each p 
turn* frum we«t to east, haa its funrise, noon, sonael^ and nighf>>*,^ 
ceai>t<ft^ooe half of tbe g^obe beuy thoa always in %ht whilef i^^ 
n in darkzMMB. 4. In tnyeOii^ anj cooadeisbie dirtanoi^ eithr' 
aL«:h. new stare jTadnaiij oc4Be into new in the diraetion to 
trarei.er ia adrasdz^ while othen diaappear in the C 
wi.ch be ia lectedn^. 5. Manj narigaton, by eautantfy 
«i:n!cu^«. or nearh- eo, wiiether due esst or doe wea^ haver^. 
P"n fn<m w'tict they mc out, t^os aakii^ what is feeimed the 
f ' .•** %if ti:ie p.«Se. ^ In ocaaeqneBee of the raimd fam a 
til* w r %r j»«>;oaA!ooc «f the honaon is about 8 indMS per mile, 
jKvv>.^: m<r.2M«rF :x csizi]^ caaak baws to aafce an alloe 
« u,:^ eiuxt IS %'vier to fiMp tiie water at a mifoiM lereL 
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and the circumference as 25,000 miles. The superficial area of a 
globe of these dimensions amounts to 197 millions of square 
mUes ; and of these about 51 millions consist of land, and 146 
millions are occupied by water. The proportion of land to that 
of water may, therefore, be said to be, in round numbers, as one 
to three; or, in other words, while one-fourth of the earth's sur- 
face consists of dry land, the other three-fourths are covered by 
the waters of the ocean. This is not the place to inquire into the 
causes of this unequal distribution, or the purposes it was meant 
to subserve; but we may rest assured that it is the result of 
Design, and in necessary harmony with the higher and vital 
/oi*dinances of nature. The solid contents of the mass have, in 
like manner, been computed to exceed 260 thousand millions of 
cubic miles — an amount which, though expressible in figures, is 
altogether beyond the grasp of human conception. It is enough, 
then, for the student to be convinced of the magnitudes of such 
amounts, without troubling himself with the remembrance of their 
numerical expressions. 

[Though impossible to grasp the conception of the numerical amounts, 
we mayhere, for the sake of comparison, exhibit in tabular arrangement 
the diameters, solid contents, volumes, weight, and specific gravities of 
the seversd members of the solar system, as calculated oy the astronomer 
and physicist : — 
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Cubic Miles. 
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Vulcan, . 


785 
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• • • > 


■ e • • 
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• • • • 


Mercury, . 


8,140 


10,195 


0.06 


0.18 


1.16 


2.94 


Venus, . . 


7,700 


223,521 


0.96 


0.90 


0.91 


0.92 


Earthy . . 


7,916 


260,775 


1.00 


1.00 


1.00 


1.00 


Mars. . . 


4,100 


48,723 


0.14 


0.15 


0.50 


0.95 


Planetoids, 


• • • • 


see* 


• • • • 


• • • • 


0.05 


• • • ■ 


Jupiter, . 


90,000 


343,125,820 


1,414.20 


833.61 


2.45 


0.24 


Saturn, 


76,068 


245,089,877 


734.80 


101.78 


1.00 


0.14 


Uranus, . 


84,500 


19.727,774 


82.00 


19.93 


1.15 


0.24 


Neptune, . 


42,000 


• see 
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1.20 


0.23 


Sun, . . 


883,000 


399,839,629,687 


1,407,124.00 


357,000.00 


27.90 


0.25 


Moon, . 


2,160 


5,274 


0.02 


.0125 


0.16 


0.62 
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15. The density of the globe, as compared with the materials at 
its surface, has been determined with considerable precision- The 
average or mean density of the most prevalent rocks is about 2J 
times that of water at the temperature of 62^ Fahrenheit, while the 
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from the moon, by heat generated chemically among its own 
materials, or by heat derived by conduction from the interior. 
During summer, for instance, the earth is warmed to a certain 
depth by the heat of the sun ; during winter this heat is given off 
to the surrounding atmosphere ; and though the heat of one sum- 
mer and the cold of one winter may differ from the heat and cold 
of others, still, on an average of seasons, the results are pretty 
equable. It may, therefore, be stated in general terms, that in 
summer the crust of the earth, at smaU depths, is colder than at 
the surface ; that during winter the crust at these depths is warmer 
than at the surface ; but that, at the depth of 80 or 90 feet, the 
variations of summer and winter become wholly insensible. As to 
the amount of heat generated within the crust by chemical, electrical, 
and magnetic forces, we have no accurate knowledge ; but to these 
forces, as well as to conduction from the interior, may safely be 
ascribed the higher temperatures experienced in mines, wells, and 
other deep-seated situations. 

18. Respecting the heat of the interior, we see it abundantly 
manifested in hot springs, volcanoes, and the like ; and have by 
direct experiment been enabled to arrive at some important facts 
relative to its descending rate of increase. Thus it has been found 
by experiments in coal-pits, Artesian wells, and metalliferous mines, 
that, after passing the depth at which the surface-heat is inappre- 
ciable, the temperature begins to rise, and this gradually and 
steadily for every fathom of subsequent descent. Beckoning this 
" stratum of invariable temperature " at from 60 to 90 feet below 
the surface, according to the nature of the soils and rocks passed 
through, a rise of 1 degree of Fahrenheit takes place for every 60 
feet of farther descent ; and calculating at this rate of increase, 
a temperature (2400® Fahr.) would be reached, at a depth of 25 
miles or thereby, sufficient to keep in fusion such rocks as basalt, 
greenstone, and porphyry. At the same rate of increase, or even 
admitting, as some contend, that the thermometer only rises 1 
degree for every 90 feet of descent, we would, at the depth of 150 
miles or thereby, arrive at such a temperature that even the most 
refractory rock-substances would be dispersed before it like vapour. 
We know little, however, of the deportment of heat under such a 
pressure as must exist at these depths, and can only indicate the 
line of reasoning that leads to the general belief that the solid or 
rocky crust forms but a comparatively thin film, and that the 
great interior mass exists in a state of high incandescence or 
molten fluidity. Intense as this interior heat may be, and active 
as it undoubtedly is in the production of volcanic phenomena, the 

"'•frtce temneraiture of the globe is scarcely, if at aU, affected by 
' At th^ 
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Technical Subdivisions— Points, Circles, Zones, &c. 

20. In treating of the earth thus constituted and surrounded, 
geographers make use of certain terms and technicalities expres- 
sive of distance, position, and the like, on its surface, and with 
these it will be necessary for the student, at this stage, to render 
himself familiar. Thus, the direction from which the. earth 
moves in its daily rotation is called the West ; that towards which 
it moves, the JEast; the point to which a spectator looks, with the 
east on his right hand and the west on his left, is called the 
North ; and that behind him the South, In this rotation from 
west to east, any point on the earth's surface turns towards the 
sun in the morning, and away from him after mid-day ; and thus 
the terms Sunrise and Sunset (the sun being a stationary centre) 
express not real, but merely apparent phenomena. The imagin- 
ary line on which the earth rotates is termed its Axis^ and the 
terminations of this axis its Poles — that towards the north being 
known as the North Pole, and that towards the south the SouJth 
Pole, From an idea of the early geographers, who were inhabit- 
ants of the northern hemisphere, that the north pole was upper- 
most (though in reality there can be neither upper nor under in a 
globe freely rotating in space), it is customary in our maps and 
charts to place the northern part at the top, and the southern at 
the bottom, with the east on the right hand and the west on the 
left. A line distant alike from either pole, and dividing the 
earth into two equal portions (Lat. oequus, equal), is called the 
Equator; the northern half being known as the Northern Heniir 
sphere, and the southern as the Southern Hemisphere, In the 
same way we may speak of the Eastern Hemisphere and Western 
Hemisphere, by supposing the globe divided by a line passing 
through the poles, and thus necessarily cutting the equator at 
right angles. Reckoning London as a fixed point on such a line, 
Europe, Asia, and Africa will lie in the eastern hemisphere, and 
North and South America in the western. (Map, page 49.) 

21. like other circles, the circumference of the earth is divisible 
into 360 equal parts or degrees, and in this case each degree will 
equal about 69.05 British statute miles. At the distance of 23^ 
degrees north and south of the equator, as shown in the accom- 
panying diagram, are two parallel lines called the Tropv:» (Gr. 
trope, a turning), from their TnarkiTig the tunnng-points of the 
sun in the ecliptic ; that on the north being knovm »b the Tropic 
of Cancer, and that on the south as the fropic of Capn^om, 
because these constellations occupy a corresP*^""^^^^ ^*^ ^^ ^^ 
heavens. At the same distance (23iJ degrees) ^o^^ ^^^^®^ ^^^® ^* * 
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parallel line — that on the north being called the Arctic Circle 
(£rom the northern constellation, ArctaSf the Bear), and that on 
the south the ArUareUc Circle, because opposite {arUiy opposite) 
to that of the north. The space or belt between the tropics is 

called the Torrid Zone, 
because the sun, being 
always vertical in some 
part of that space, pro- 
duces a greater degree 
of heat than in regions 
where his rays strike 
more obliquely. The 
spaces between tbe tro- 
pics and the Arctic Jbd 
Antarctic Oirdes, on 
either side, are termed 
the Temperate Zones 
(north and south); and 
those between these cir- 
cles and their respective poles the Frigid Zotus, The breadth 
of each of the torrid zones is therefore about 1622^ statute 
miles ; * of each of the temperate, about 2969 ; and of each of 
the frigid, 1622^ miles. Or, calculating their areas in square 
miles, the earth's superficies is made up nearly as follows : — 

North Frigid Zone, . 
North Temperate Zone, 
Torrid Zone, 
South Temperate Zone, 
South Frigid Zone, . 

It IB customary for the botanist and zoologist to subdivide those 
zones more minutely into equatorial, tropical, sub-tropical, warm- 
temperate, cold-temperate, sub-arctic, arctic, and polar; but of 
these subdivisions and their characters when we come to treat of 
the distribution of vegetable and animal life. 

22. The equator has been already described as a circle exactly 
between the poles, and cutting the globe into two equal i)ortions. A 
Hne which cuts the equator obliquely, and touching ui)on opposite 
sides of the tropics, is called the Ecliptic (Gr. eJdeipsis, an ecUpse). 
The ecliptic is the orbit described apparently by the Piim round 
the earth, but in reaUty by the earth round the sun, anc A is named 
from the circumstance that all ecHpses can happen onljjr when the 

• The length of a British statute mile is 1760 yards, ok 5280 feet* 
while a geographical mUe is 2028.92 yaixis, or SOSejefoet. \ ' ^^" ^ ' 
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moon is on the same plane, or very near it. The points where the 
ecliptic cuts the equator are called the Equinoctial FoinU or 
NodeSy because when the sun is in these parts of his course, the 
day and night are of equal duration. These equinoxes take place 
twice a-year — ^namely, on the 21st March and 2l8t September. 
The term Ghreater Circlet is sometimes applied to the equator and 
ecliptic, because they encircle the earth at the thickest part, or 
form planes that pass through its centre; and that of Lesser 
Circles to the tropics, arctic and antarctic circles above described. 
Besides these circles, another set of lines, drawn from pole to pole 
over the earth's surface, and cutting the equator at right angles, 
are termed Meridians (Lat meridieSf mid-day), because when 
any of these lines is opposite the sun it is mid-day, or twelve 
o'clock, with aU the places situated along that meridian on the 
same side of the globe, wlule on the other side it is midnight. 
When it is noon, for instance, in any particular part of Britain, 
it is midnight at an opposite and corresponding point near New 
Zealand, and so on for the intermediate hours at directly opposite 
parts along the same meridian. Thus, diametrically opposite 
points on die globe are said to be the Antipodes of each other 
(Gr. anti, opposite, and pous, podos, foot), because the feet of 
their inhabitants are placed, as it were, in opposition to each 
other. 

23. The position of a place on the earth's surface is determined 
by what is termed its Latitude and Longitude. The latitude of a 
place is its distance north or south from the equator ; hence we 
speak of north latitude (N. Lat.) in the northern hemisphere, and 
of south latitude (S. Lat.) in the southern hemisphere. Longitude, 
on the other hand, is measured east and west of any fixed meridian 
— different countries adopting different meridians (usually that 
of their capitals), and Britain that of the Royal Observatory at 
Greenwich; hence English geographers speak of east longitude 
(E. Long.) and west longitude (W. Long.), according as a place may 
be situated eastward or westward of the meridian of Greenwich. 
The terms longitude and latitude arose from a notion of the 
ancients that the earth was longer from east to west than from 
north to south ; in other words, that it had length (longitudo) and 
breadth (latitudo)— an idea which is thereby most conveniently 
expressed. The circles on the earth being divided into 360 
degrees, and each degree again into 60 minutes, each minute into 
60 seconds, and so on, the position of a place can be indicated 
with great precision ; and for the sake of brevity certain signs are 
employed, as 4° 6' 12*, meaning thereby 4 degrees, 6 minutes, and 
12 seconds. The distance between the equator and either pole 
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bemg gbIj the fourth put of the earth's circmnf erence, the latitude 
of a place north or soath of the equator can never exceed the 
fourth part of 3a\ or 90 degrees. Longitude, on the other hand, 
heing measuied east and west of a fixed meridian, embraces a 

whole hemisphere, or 180 de- 
grees; and as the meridians 
all converge towards the poles, 
the degrees of longitude become 
less and less as we approach 
these extremities. The lines 
of latitude being necessarily 
paraUel to each other, geo- 
graphers speak of parallels of 
latUudty designating those that 
lie near to the equator as low 
latitudes, those that approach 
the poles as high latitudes, and 
those that intervene as middle 
latitudes. 




Parallels and Mezidiana. 



[It has been stated above that the value of a degree of longitude varies 
aooording to the latitude, being equal to a degree of latitude at the equa- 
tor, but gradually becoming less as we approach the poles. The following 
table exhibits this diminution for every o degrees of latitude both in geo- 
graphical and British statute miles : — 



Degree of 
Latitude. 


Qeographical 


BngUsh 
Mfles. 


Degree of 
Latitude. 


Geognphical 


English 
Maes. 





60.00 


69.07 


50 


88.67 


44.35 


6 


69.77 


68.81 


55 


34.41 


39.58 


10 


59.09 


67.95 


60 


30.00 


34.50 


10 


57M 


66.65 


65 


25.86 


29.15 


90 


56.88 


64.84 


70 


20.52 


23.60 




54.88 


62.53 


75 


15.53 


17.86 


In 


51.96 


59.75 


80 


10.42 


11.98 


jD 


49.15 


56.51 


85 


5.23 


6.00 


S 


45.96 


52.85 


90 


0.00 


0.00 


'^ 


4148 


48.78 









fuvt^^uil^l (^)m)^t\^'W^ havt^ uotioed those primary con- 
»!' t\\\\\\i mM\^\\i aliVi vlw4»ity> twuperature, and the like, 
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which belong to the earth as a member of the solar system 
These conditions lie, as it were, at the foundation of all change 
and diversity on the earths surface— day and night, heat and 
cold, summer and winter, meteorological fluctuation and climate, 
oceanic tides and currents, geological waste and reconstruction, 
and, in fine, all that confers diversity on land and water, and con- 
sequently on vegetable and animal life, being directly or remotely 
dependent on the original constitution of the globe, and its con- 
nection with the solar system. It is necessary, then, that the 
student should render himself familiar with the planetary relations 
of the earth — ^its spheroidal form, its daily and annual revolutions, 
its density, temperature, magnitude, and admeasurements, as 
well as with those terms and technicalities by which its several 
portions and positions are known and described. As an oblate 
spheroid, then, the earth has an equatorial diameter of 7925.648, 
and a polar diameter of 7899.170 miles (or, according to the mean 
of measured meridional arcs, 7926.05 and 7899,6), rotates on its 
own axis in 23 hours, 56 minutes, and 4 seconds, or in one day ; 
revolves round the sun in an elli^ptical path or orbit in 365 days, 
5 hours, 48 minutes, and 50 seconds, or one year ; and is in turn 
attended by the moon, which performs her revolution in 27 days, 
8 hours, or one lunar mofUh, As the mean circumference of the 
earth is 24,858 miles, and as she rotates on her axis once in 24 
hours, it is clear that any spot on the equator must be borne round 
at the rate of more than 1000 miles an hour. With every suc- 
cessive removal from the equator, however, the circles of latitude 
become smaller and smaller, and as they are aU carried round 
within the same period of 24 hours, their rate of motion must 
be proportionally less. At the 60th parallel, for example, this 
motion is only 500 miles an hour, and at the absolute poles 
it ceases to exist. The mean density of the rocks known at 
the surface of the earth is about 2^ times that of water, while 
that of the entire mass is 5J, thereby showing that the interior 
consists of different material, or of materials in a different con- 
dition from those in its rocky crust. The earths own proper 
temperature, as distinct from that received by its atmosphere and 
surface from the sun, increases according to the depth, and this 
increasing temperature is apparently the cause of volcanoes, hot 
springs, and other thermal phenomena. The increase being at 
the rate of 1 degree Fahr. for every 60 feet of descent or thereby, 
the deepeivseated portions must be in a state of high incandescence, 
or, at all events, in a condition very different from the solid rocks 
that constitute the outer crust; but these rocks being bad con- 
ductors of heat, the surface temperature, it is calculated, cannot be 
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THE EARTH — ITS INDIVIDUAL STBUCTURB AND COMPOSITION. 



The Rocky Crust — Its Constitution and Formation. 

24. Having considered in the preceding chapter some of the 
more obvious relations of the globe as a member of the Solar sys- 
tem, and the tenns usually employed to express their connections, 
we now proceed to describe the leading features of its own special 
structure. As the knowledge of its general relations was derived 
chiefly from Astronomy, so a knowledge of its individual structure is 
mainly obtained from the teachings of Geology. As the one set of 
facts could be taught without going deeply into the problems of 
the astronomer, so the other may be understood without entering 
largely into the reasonings of the geologist "What, for instance, is 
the nature of the earth's rocky crust ? How are its rocks arranged, 
and how does this arrangement affect its superficial character? 
What has stretched out the level plain and upheaved the rugged 
mountain ? What renders one soU obnoxious and sterile, and an- 
other genial and fertile ? And as the earth's crust is continually 
undergoing modification under the operations of external and in- 
ternal forces, wrhat the effects of such modifications on the general 
geography of tlie globe ? These and similar problems geology en- 
deavours to solve, and, with a little explanation, these solutions 
maybe rendered intelligible to the student of Physical Geography. 

25. Geologists speak of the "crust of the globe" just as the 
housewife talks of the " crust of her loaf." The crust of the loaf 
is one thing, the inside of it another. The crust or exterior por- 
tion of the earth, composed of rocks and rock-materials that can 
bfe seen and handled, is one thing ; the interior, of which we can 
know nothing by direct observation, may be, and in all likelihood 
is, a very different thing. By observation and comparison we 
can det^hnine a great many truths l*especting the structure and 
composition of the one ; respecting the other we can offer at best 

c 
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little more than conjecture. This outer portion or rocky crost is 
the great theatre of all geographical phenomena— the foundation 
of tiie land and waters — tibe arena of climatic influences — the 
field of vital development ; and, as such, it behoves the geogra- 
pher to know something of its history and constitution. That 
history, as geology has taught us, is a long and varied one ; that 
constitution, as bearing more immediately upon the problems of 
geography, we shall endeavour briefly to explain. 

26. On the most cursory inspection of quarries, railway-cuttings, 
sea-clifQs, and ravines, the observer will find a great portion of the 
rocks arranged in layers, or lying one above another in beds or 
strata (Lat. tlratum, spread out). These are said to be stratified, 
and generally consist of sandstones, clays, shales or consolidated 
muds, limestones, and other similar rocks. He will also find an- 
other set not spread out in layers, but rising, hard and massive, 
in no determinate arrangement These are termed the unstratir 
Jied, and consist of such rocks as the granites, greenstones, basalts, 
and lavas. How, he will naturally inquire, have two sets of rocks 
so dissimilar in character and arrangement been produced ? And 
as we can only interpret nature's productions by a knowledge of 
nature's operations, we must seek for the answer to this question 
in what is now taking place around us. And first, if we turn to 
any lake, estuary, or bay of the ocean, we will find that the mud, 
sand, and gravel carried down by the rivers or washed from the 
difls by the waves and tides, are deposited and arranged along the 
bottom of these receptacles in layers or strata more or less hori- 
zontal, and in course of ages one above another, precisely like the 
shales and sandstones of the quarries and sea-cliflis. Here, then, we 
are entitled to infer that rocks arranged in layers or strata have 
been formed through and by the agency of wat^ (Lat. aqua) ; that 
is, have been deposited as sediment (Lat. sedere, to settle down) in 
water, or brought together and assorted by the action of moving 
water; and hence they are termed aqueoiu, sedimentary, or stratir 
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Jied, If we turn, in the next place, to the volcano or burning 
mountain, we find that lava and, other molten rock-matters are 
discharged &om its crater ; and these, when cooled and consoli- 
dated age after age, form mountain-masses, and fill up cliasms and 
rents produced by earthquakes, precisely as the granites and green- 
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stones and basalts do among the stratified rocks with which they 
are associated. Here, again, we are entitled to infer that the 
greenstones, basalts, and other similar rocks are the products of 
iire (Lat ignis, fire), and hence they are designated igneous, erup- 
tive, or unstratijied, 

27. In the crust of the earth, then, we have two main sets of 
rocks — the stratified and the unstratified ; the one formed through 
and by the agency of water, the other through and by the agency 
of fire. The former axe chiefly the products of aqueous and at- 
mospheric waste, the latter the products of igneous reconstruction ; 
and between these two forces, tiie aqueous and igneous, the crust 
of the earth has ever been held in habitable equilibrium. Were 
the aqueous and atmospheric forces to operate uncontrolled, all 
the higher portions of tiie dry land would in the course of ages 
be worn down, and the whole reduced to a dreary uniformity of 
level; but, to prevent such a contingency, the volcanic forces are 
perpetually exerting themselves from below, and once more up- 
heaving the crust into dry land and diversity of surface. What 
the frosts and rains and rivers are wearing and carrying from the 
higher lands is deposited in layers of mud, sand, and gravel in the 
lakes and estuaries below ; and what is wasted from the searclifTs 
by waves and tides is borne along and distributed in the bays and 
other sheltered recesses of the ocean. These deposits, in course 
of time, become consolidated, by pressure and internal chemical 
changes, into shales and sandstones and conglomerates ; and we 
can readily conceive the low, level, superficial aspect of a globe 
where this sedimentary process went on unchecked for ages. But 
the forces from within are as incessantly at work as the forces from 
without, and sooner or later (according to some law whose order is 
yet unknown) these strata are upheaved into dry land, with all 
that diversity of surface which seems inseparable from the efi^orts 
of the earthquake and volcano. The great design of creation seems 
clearly to be diversity in time as well as diversity in space. 
IfVhetlier under the open air or under the waters of the ocean, hill 
and dale, level plain and rugged mountain, are ever attended by 
diversity of soil, diversity of winds and currents, heat and cold, 
and all the other climatic influences on which diversity of plant- 
life and diversity of animal life are so intimately dependent To 
the primary geological oscillations of the earl's crust are we, 
therefore, indebted for all that confers on its surface geographical 
variety and diversity ; and hence the value of some kaowledge of 
geology to him who would thoroughly comprehend the existing 
aspects of nature. 
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l^ttr*3fii xhf: w^t^foak and aUDcwidbnc teoes ikit wBle and irear 
ff '^ui wjtK'/uty aiwl the igneoof foro» dal VBoaMBfanMt acad nphesre 
fi'/Ui wjtiiin — if cliib aod bills are vota dovm, and lakes and 
«^iju»rM4 IliUid Qp and ccmTefted into allBTial plains — if plains are 
tii/'/Wfi up iutfi iiMfimtaiiu, and the sea-bed into dir land — if large 
U'4fM *4 Ui<i «:aith are grsdnallj laised bigte' and big^ier above 
iU*^ '^jratt^ wbil<; other re^dons are gradnaUj snbmnged — it is dear 
tUsd ^Uitt^rtriii prutioDs of the rockj oust must be of diffincnt ages, 
au/1 tunityftiti^i af different .materials. The piesent distzibotion of 
M'4i aij/i Uitui hsM undergone many noted modifications even within 
iUti hi)ft/;ri/; era ; and if such changes have been accomplished 
within a ^.ruA m brief as a few thousand years, what may we 
\H'Miivti Ut have taken place during the thousands of ages that pre- 
i'A'Ai*A hiiuian hint^^ry? 80 numeious have been these changes, as 
t'AiiM'\y <li;ifii/iiKtrated by geology, that every portion of the existing 
dry Jmk/I Uum l>een repeatedly beneath ihe waters; and that which 
11//W e/nmiiiuUm the Ijed of the ocean, has m like manner been the 
iiry hiud of fonner epochs. 

*' Tborfi roUi the deep where grew the tree; 
Oh, Karth, what clutnges hut thou seen ! 
Tbare, where the long street roare, has been 
The itillneM of the central sea. 

The hills are shadows, and they flow 
From form to form, and nothing stands ; 
They melt like mists, the solid lands — 
Like olouds, they shape themselves and go! " 

Tho rocord of these changes lies in the stratified rocks, each 
period pro<lucing its own sedimentary deposits, and these deposits 
ijojwtltutlng what geologists term a formation, as having been 
formed at a certain period, and under the peculiar conditions of that 
pericjd, Farther, as the sediments of existing lakes and estuaries 
and HOOH Imbed the remains of plants and animals that have lived 
in thtiMi^ areaH, or have been drifted from the land — ^leaves, branches, 
trunkti, bones, teeth, shells, and crusts ; so the sediments of former 
agtm ountain the remains of plants and animals that then existed 
— thoHa remoina being petrified, or converted into stone. These 
potri factions, ovfosatis, as they are termed, differ widely in many 
inst4Uiooa from the plants and animals now x>eopling the globe ; 
and this difference may be said to increase with the depth and age 
of tliu Htmta that contain them. As a general rule, the older strata 
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'will be the deepest seated ; the older, harder and more crystalline 
tlian the recent and superficial ; and the older the strata, the greater 
"will be the difference between their fossil plants and animals and 
tlie plants and animals now existing. Founding on principles such 
as these, geologists have ammged the stratified rocks into forma- 
tions and systems according to their relative antiquities — each 
division representing (as nearly as can be determined) a different 
arrangement of sea and land, and a different aspect of vegetable 
and animal life during the period of its deposit. 

29. Thus, beginning at the recent and superficial, which contain 
few extinct forms of life, and descending through systems whose 
fossils belong chiefly to extinct races, we have : — 

Systems, Periods. 

1. Post-Tertiary or Recent Accumulations. ) Cainozoic 

2. Tertiary System. ( (Rece/tt Life). 

3. Cretaceous or Chalk System. ) TLrpaozoir 

4. Oolitic or Jurassic System. >/ i/viSl r,v>,\ 

5. Triassio or Upper New Red Sandstone. J v^*»«^« ^v^)- 

6. Permian or Lower New Red Sandstone. "N 

7. Carboniferous System. (Paueozoic 

8. Devonian or Old Red Sandstone. ({Ancient Life), 

9. Silurian and Cam^ian. ) 

10. MBTAMORPmc or Crystalline Strata. {^^Mth^Life) 

Qr^ arranging them in diagrammatic form, as they occur in the 
British Islands, we have the intelligible representation tiiat appears 
on the following page. It is not asserted that these rock-forma- 
tions and systems occur in full and regular succession in every 
part of the world, but merely that such is their order in time 
wherever they have been examined by the geologist. The Old Red 
Sandstone or the Carboniferous system may occupy the whole sur- 
face of a country without any of the newer systems being present, 
just as the Chalk or Oolite may be the surface rock, without having 
the whole of the older strata below ; but the oolite never occurs 
above the chalk, nor the old red sandstone above the coaL The 
order of their succession is fixed and determinate, and each system 
represents a portion of time as well as a series of rocks— a portion 
of time in world-history, just as certain reigns and dynasties and 
nationalities represent successive stages in the history of the 
human race : — 
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30. Ab the ftntified locks lure 
been arranged in chionologieal 
sequence, 00 alao the nnstnt}- 
fied or igneona admit of a smi- 
lar, thongh less pfreciBe, ar- 
rangement. As at present, so 
during every former epoch of 
the earth's history, the toI- 
canic forces have be^ in a state 
of activity — breaking up tiie 
stratified crust, throwing out 
lava and other products in the 
formation of hills, and filling izp 
earthquake - fissures with mol- 
ten rock-matter from below. In 
course of the earth's mutations 
these earlier products become 
submeiged beneath the watos 
of the ocean, and overlaid by 
newer sedimentary deposits, 
again to be broken through by 
another set of igneous opera- 
tions, and this consecutively 
and continuously from the most 
distant ages up to the present 
day. As a general rule, the 
earliest igneous rocks will be 
associated with the earliest stra- 
tified deposits, and the older 
and deeper^seated will be more 
uniform and crystalline in tex- 
ture than the newer and more 
superficial Founding on prin- 
ciples such as these, geologists 
usually arrange the igneous or 
unstratified rocks in the follow- 
ing chronological order: — 

1. Volcanic, associated chiefly 

with Tertiary and Upper Se- 
oondary strata. 

2. Trafpean, associated chiefly 

with Secondary and "Upper 
Primary strata. 
S. Obanitic, associated chiefly 
with Priniary and Metamor- 
phiostratia. 



v- 



AGE AND ABBAN6EHENT OF ROCK-FOBMATIONS. 



39 



Or, arranging them diagrammati- 
cally with the stratified systems, we 
liave something like the annexed 
connection : — 

31. The consideration of these sys- 
tems and subdivisions forms the spe- 
cial subject of geology ; but an each 
formation occupies a distinct portion 
of thie earth'scrust, consists of different 
kinds of rocks, and presents different 
soils and surfaces to the geographer, it 
may be of use briefly to epitomise : — 
1st. That the Fast-tertiary Sj/stem 
consists in the main of clays, gravels, 
eands, peat-mosses, marls, coral-reefs, 
and other superficial accumulations 
that have been formed in ancient lake- 
basins, river-vaUeys, estuaries, and 
shallows of the ocean, within a com- 
paratively recent period. TJiey im- 
bed, in a sub-fossil state, the remains 
of plants and animals still existing, 
but frequently removed from, or ex- 
tinct in, certain localities which they 
once inhabited. In volcanic districts 
they are associated with recent lavas, 
BCorisB, and similar products ; and, 
generally speaking, they occupy low- 
lying tracts, and constitute the sur- 
faces of valleys, plains, and other 
alluvial expanses. Associated with 
these superficial accumulations, but 
for the most part lying beneath them, 
there occur all over the northern 
hemisphere thick deposits of clay 
and gravel imbedding huge water- 
worn blocks or &ou^c^«; and as these 
seem to point to a time when large 
areas of the northern hemisphere 
were under ice, or subjected to the 
drift of icebergs that dropped their 
burdens of clay, gravel, and boulders 
on the then submei*ged surface, this 
period is generally known as the 
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Boulder, Nortliem Drift, or Glacial epoch, and holds a place inter- 
mediate between the Post-tertiary and true Tertiary systems. 

2d. The Tertiary System consists, in general terms, of clays, 
gravels, sands, limestones, marls, and lignites or beds of wood-coal ; 
and occupies well-defined areas, as if these at one time had been 
extensive fresh-water lakes, estuaries, and inland seas. The fossils 
imbedded in tertiary strata, though closely allied to existing genera 
and species, axe in many instances extinct (especially the gigantic 
quadrupeds, which is one of its characteristic features), and point 
to conditions of climate and distributions of life very different from 
those at present prevailing. The igneous rocks associated with 
them are lavas and basalts, the products of volcanoes, long since ex- 
tinct, or now but partially active. Undulating lowlands may be 
said to constitute the physical features of tertiary districts — ^the 
pampas of Buenos Ayres, and the basins of London, Paris, and 
Vienna, being typical examples. 

3d. The Creta4:eou8 or Chalk System (Lat. crc^a, chalk). consists, 
as its name implies, of thick beds of chalk or soft marine lime- 
stones, associated with sands, sandstones, clays, and in some locali- 
ties with beds of coal and lignite. The fossils belong almost 
wholly to extinct species ; and even where the chalk beds are 
wanting, the other strata are so replete with their characteristic 
marine remains, that there is generally little difficulty in recog- 
nising the system. The associated igneous rocks are chiefly basalts 
and greenstones ; and the physical features of the system may be 
said to be low rounded hills, with dry intermediate depressions, 
where the chalk and sands prevail, and flat fertile vales, where the 
rich organic clays come to the surface. 

4th. The Oolitic or Jurassic System consists largely of lime- 
stones, alternating with calcareous clays and sandstones, bitu- 
minous shales, and occasional beds of ironstone and coaL It 
derives its former name from its peculiar limestones or roestcmes 
(Gr. oon, egg ; lithos, stone), which consist in many instances of 
rounded grains like the roe of a fish ; and its latter from its 
abundant development in the Jura Mountains. As a system, it 
occurs in many parts of the world, and is characterised by its 
abundant marine remains, land plants of sub-tropical growth, 
and especially by the profusion of large nautilus-like shells 
(Ammonites) and gigantic land and water reptiles. The unequal 
wasting of its harder limestones, and softer clays and shales, con- 
fer on the oolitic landscape an agreeable succession of easy undu- 
lations ; and unless where thrown up into higher hills by volcanic 
forces, this gradual alternation of hill and dale is the characteristic 
geographical feature of the system. 
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5th and Gtb. The Tridssic and Permian Systems, which were 
formerly considered as one great formation under the name of the 
^ew Bed Sandstone, consist in the main of soft reddish sand- 
stones, yellowish magnesian limestones, and variegated clays and 
marls, with occasional deposits of rock-salt. The lower portion, 
being largely developed in Perm in Eastern Russia, has given rise 
to the term Permian ; and the upper, consisting in Germany of 
three well-marked members (sandstones, limestones, and marls), 
has received the name of Trias, or triple group. The fossil re- 
mains of these systems are chiefly marine, with footprints of birds 
and amphibious reptiles. The physical features of the new red 
sandstone are by no means decided — ^the limestones and harder sand- 
stones forming inconspicuous hills and ridges, the softer clays and 
marls being worn into vales of a flat, wet, and retentive character* 
7th. The Carboniferous Si/stem, so called from its yielding the 
main supply of coal (Lat. carbo, coal) in Europe and America, con- 
sists of sandstones, shales, clays, limestones, ironstones, and coals 
in frequent alternation, as if they had been deposited for ages in 
seas and estuaries, subjected to repeated subsidences and elevations. 
The fossils of the system are abundantly marine, estuarine, and 
terrestrial — the most notable being that excess of vegetable growth 
that went to the formation of numerous seams of coaL Belonging 
to the Palaeozoic or far-back ages of the world, these remains have 
but little relationship to existing genera and species, and the 
highest known fonns are merely fishes and reptiles — ^no bird or 
quadruped having yet been detected beneath the new red sand- 
stone. With the exception of the trap hills (greenstones, 
basalts, tufas, &c.) that intersect the system in some localities, 
and those bold cliffs and scars of limestone (mountain limestone) so 
characteristic of Yorkshire and Derbyshire scenery, there is little 
attractive in the physical features of the coal-formation, monoton- 
ous moorlands of cold retentive soil being a common occurrence 
in the geography of the system. Like all the older systems, how* 
ever, it is rich in mineral and metallic products — coed, lime, iron, 
lead, zinc, silver, and antimony being among its most important 
contributions to modem industry and civilisation. 

8th. The Old Bed Sandstone or Devonian Si/stem (from Devon- 
shire, where a portion of it is typically developed) consists in the 
main of red sandstones, conglomerates, and shales, with subordi* 
nate beds of limestone. It abounds in ordinary marine fossils — 
corals, shells, Crustacea, and fishes ; but no higher life than fishes 
has yet been discovered in its strata, and its vegetable remains are, 
on the whole, very scanty and imperfect Thrown into many irre- 
gularities by trap eruptions, the physical features of the old red 
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■andstone are often varied and pictareflqney and m general its 
alopea are dry and of moderate fertility. 

9th. The Silurian Syttem (so called from its typical develop- 
ment in that district of Wales anciently inhabited by the Siinres) 
consists of numerous slaty or hard shaly beds, wi^ sandstones, 
conglomerates, and intercalated limestones. As in all the older 
and deeper-seated rocks, there is often a tendency to dystalline 
structure among its strata, and these are not unfrequently traversed 
by metalliferous veins — ^tin, copper, silver, and gold. Its fossils 
are eminently marine, and consist almost whoUy of the lower or 
invertebrate orders (corals, shellfish, and Crustacea), few fishes 
being foimd in its strata, and these only in the upper portions of 
the system. Flanking and often borne up by the older granitic 
hills, the physical features of the formation are frequently irregolar 
and mountainous, but, from the softer nature of the rocks, are 
more rounded and massive, and less abrupt and precipitous, than 
those of the crystalline or metamorphic system. 

loth. The Metamorphic System (so called because its strata 
have undergone a metamorphism or change by heat, pressure, 
and chemical change, from ordinary sandstones, shales, and lime- 
stones into hard crystalline schists), consists of such rocks as 
Kjjoiss, quartz^rock, micarschist, clay-slate, and primitive marbles. 
Ihey yield no fossils; but whether all traces of life may have 
been obliterated by the mineral change these rocks may have 
th ? u^®' or whether they were deposited before life existed on 
tne globe. Geology cannot determine, and merely expresses the 
«?^f« .1. . ^^"^ Hupozoic, which signifies lying beneath the 
strata that are decidedly fossiliferous. These crystalline schists 

JM^Sf^'"''?.^^ ^^»^ "^«1^' fl*^^^^ ^^ composing the 
Se^lt^.r^^'' r^^^ ' anTw their hard spl^teiy 

sSts'aoM";n7L"^^ ^^ ^^^^^ ^^^ ^^^^ 

32 ^ii/»T, t ' 1 ' ^^ alpme character, 
by e»ohr4ra U JS^ ^•^*'^ *»f ^^^ "t"^*^ systems, and 
in the various LZt^!*^'^"P'***'<'«' *>»«y "^r »>e readily detected 
the UMtiatified^h c^r'^Py- ^ ^^'^ *1»« stiutified so with 
and though perhaps le^.£i°"? ^ '*« "^ peculiar features, 
distinct to 1^ re^Sn^ SiT ^"^'^ ^^^ «« "^^ sufficiently 
trappean, and gw^tic >1 "^^ mountain ranges as volcanic, 

la^, vesicular lavas, scori^^ri**"*^* of trachytes, basaltic 
and less consolidated jn th^ Cl ** ^""^ pwiucts— loose 
and more compact in the^def^d'^'^t and> active, Jt^ 

•«« extmct vnllcanoes. They rise 
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up in dry rocky hills, more or less conical and crateriform; and 
'these are, perhaps, more frequently grouped round some common 
centre than arranged in linear or axial directions. 

2d. The Trappean, so called from the terraciform aspect of 
many ci the hills they compose (Swedish, trappa, a stair), consist 
of greenstones or whhistones, basalts, felstones, porphyries, tufas, 
and other kindred rocks, and are generally associated with the 
eecondaiy and upper primary strata. They are usually arranged 
in hill-ranges more or less persistent, and from their higher anti- 
quity and longer subjection to wasting influences, are more worn 
into rounded heights, exposed crags, slopes, and terraces, which 
confer on the landscape a beauty and diversity peculiarly their 
own. Their soils being dry and genial, the trap hills of a country 
are generally possessed of great amenity and fertility, and con- 
stitute, perhaps, the most valuable agricultural portions of the 
district in which they occur. 

3d. The Graniticy or oldest series of igneous rocks, consists of 
granites, syenites, porphyries, serpentines, and the like, which, 
iroTCL their more ancient and deep-seated relations, are generally 
hard and crystalline in texture and massive in structure. They 
constitute the nucleus or backbone, as it were, of all the higher 
and older mountain-chains — elevating the metamorphic schists 
into splintery peaks and abrupt ridges, or presenting of them- 
selves broad massive shoulders of cold sterile moorland and 
unprofitable heath. 



Connection between Geology and Phydoal Geography. 

fl 

33. Understanding the nature of the preceding subdivisions, 
the student will be able to attach some intelligible idea to such 
phrases as the river " cutting its way through secondary strata ; " 
** lying in an irregular tertiary basin ; " " crossing a plateau of 
triassic sandstones ; " "a cold retentive soil derived from the sub- 
jacent carboniferous rocks ;" " intersected by a low range of trap 
hills, whose grassy slopes and terraces;" "bounded by sterile 
granitic ridges, whose snow-clad summits;" and hundreds of 
others that are of continual occurrence in geographical descrip- 
tions. He will still more folly perceive the intimate connection 
of geology with his own immediate science when he reflects that 
many of the soils which give character and colouring to vege- 
table growth are derived directly from the disintegration of the 
subjacent rocks, and are further aflected in their fertility by the 
porous or retentive nature of the beds on which they rest* T^ 
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soil derived from the Chalk, for instance, is light and absorbent — 
hence the short sweet herbage of the "downs" of the soutA of 
England ; that derived from the marls of the Trias is stiff, retentive, 
and less fitted for tillage than for pasture ; the disint^ration of 
trap rocks, rich in soda, potash, and lime, yields a fertile genial 
soil, which their structural fissures ever keep dry and pulverulent ; 
while the scanty disintegration of an impervious granite is poor, 
cold, and barren. We have seen, moreover, that every geological 
formation is less or more characterised by its own special features. 
The soft rounded outlines of a chalk range is altogether distinct 
from the slopes, terraces, and conical heights of secondary tfap 
hills ; while these, on the other hand, are widely different, both 
in outline and in vegetable covering, from broad-shouldered 
mountains of granite, or the splintery peaks of metamorphic 
strata. In fine, these formations and rock-groups constitute the 
framework on which the geographical features are moulded ; and 
their inherent, characters, as subject to external and internal 
change, have produced, and are ever producing, new variety of 
superficial aspect. Every hill that volcanic energy raises above 
the general surface, every inequality produced by earthquake con- 
vulsion, every glen eroded by river-action, every plain formed by 
the deposition of alluvial silt, and every inch that one region is 
elevated above the ocean, or that another may subside beneath 
it, disturbs the existing geographical equilibrium, confers new 
features on the landscape, and modifies the' habitats of vegetable 
and animal existences. Geology and geography are inseparably 
connected ; and thus it is that some acquaintance with the nature 
and sequence of the rock-formations that constitute the solid 
crust, and with the causes that produce them, becomes so indis- 
pensable to the student of physical geography. 



NOTE, RECAPITULATORY AND EXPLANATORY. 

In the preceding chapter we have directed attention to the 
rocky structure of the globe as that which gives colour and char- 
acter to all external phenomena, and is therefore of paramount 
importance to the student of physical geography. We have^ 
spoken of the "crust" composed of materials that can be seen 
and investigated as distinct from the " interior," of which nothing 
can be known by direct observation. This crust, composed of 
stratified and unstratified, or of water-formed and fire-formed 
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■ci^^ rocks, is held in habitable equilibrium between the disintegrating 
forces of water from without, and the reconstructing forces of 
fire from within. To these two opposing powers are chiefly 
owing the continuous geological modifications of the earth's crust 
—each modification representing a period during which certain 
rocks were formed, and the remains of plants and animals that 
then lived entombed in them in greater or less perfection. These 
formations being arranged by the geologist in chronological 
sequence, and each varying in mineral character, and consequently 
conferring on the landscape different aspects, it is of importance 
in physical geography to know the order of this arrangement, 
V and the nature of these distinctions. These formations, we 
stated, had been arranged into certain systems, and these systems 
again grouped into certain periods, according to the leading 
features of their fossils, thus : — 

3. Cretaceous. 

4. Oolitic. V Mesozoic. 

5. Triassic. 

6. Permian. 

7. Carboniferous. 

8. Devonian. 

9. Silurian. 

10. Metamorphic. ... Htpozoic. 

As with the stratified so with the unstratified — ^their arrange- 
ment into Volcanic, Trappean, and Granitic, expressing the 
relative antiquities and nature of the great igneous groups that 
give character and individuality to the hills and moimtain-ranges 
of the globe. So far, then, as diversity of surface, fertility of soil, 
character of landscape, and similar peculiarities, are concerned, the 
connection between physical geography and geology is intimate 
and inseparable ; and hence the necessity that the student of the 
one should be less or more acquainted with the leading facts of 
the other. It by no means follows, however, that the student of 
geography should be deeply read in the theoretical problems of 
geology. An acquaintance with its general principles, and the 
causes that are incessantly productive of new modifications of. the 
earth's crust, the leading formations that compose that crust, the 
nature of their rocks, and the character which these impart to the 
soil and landscape, is all, or nearly all, that he requires ; and this 
information he can readily obtain from such manu^s of the science 
• as the Author's ' Introductory and Advanced Text-Books,' or Sir 
Charles Lyell's * Principles' and * Manual,' should he wish to extend 
his inf omMition beyond the outline sketched in the foregoing chapter 



Paleozoic. 
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Their Relative PoeMoiie tad 

^ Ha Visa noticed the general conditions of the earth, as a 
member of the solar system, and having also adverted to the 
structure of its own rocky crust as the groundwork of all geogra- 
phical diversity, we now proceed to connder the more intimate 
relations of its surface, as composed of Land and Water. When 
we speak of the earth's surface as composed of land and water, we 
mean that all the more elevated portions of the crust stand ont as 
dry land, while the lower and more depressed are covered by the 
waters of the ocean. Geologically speaking, the relations of land 
and water are continually, though slowly, undergoing change and 
modification; geographically speaking, and within the limits of 
such mutation, what are the respective areas of land and water, 
their positions on the earth's surface, their actions and reactions 
on each other, in consequence of their different extents, positions, 
capacities for heat, &c., and what the influence of these reactions 
on currents, winds, rains, and all those kindred phenomena that 
constitute climatic diversity? The present distribution of land 
and water tends to the production of certain physical and vital 
results, and the explication of these results forms the sum and 
substance of our science ; but no portion of the present distribu- 
tion could be altered either in its position, extent, or configuration, 
without being accompanied by a modification of these results, so 
intimately is the one element bound up with the other in the pro- 
duction of a definite and harmonious whole. 

35. As formerly stated, the superficial area of the globe has 
been computed at 197,000,000 square miles. Of this amount about 
51,500,000 consists of dry land, and about 145,500,000 of water ; or 
reckoning the whole surface of the globe as equal to 1000 parts, 
262 of these parts will consist of land and 738 of water. The 
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proportion of land to that of water is therefore nearly as one to 
tAree; or, expressing it fractionaUj, while one -fourth of the 
earth's surface is composed of dry land, the other three-fourths 
are covered by the waters of the ocean. Considered in hemi- 
spheres, northern and southern, the proportions of land and water 
are nearly as follows : — 

Northern Hemisphere, Land, 38,000,000 square miles. 

Do. do. Water, 60,600,000 „ 

Soathem Hemisphere, Land, 13,500,000 „ 

Do. do. Water, 85,000,000 „ 

There is thus about three times as much land in the northern as 
tbere is in the southern hemisphere ; and if we make the estimate 
in eastern and western hemispheres (20° W. long, to 160° E. long.), 
there are about 37 millions square miles in the former, while there 
are only 14^ millions in the latter. As to the distribution of land 
and water in the different zones, it may be stated, in very gene- 
ral terms, that the land forms about one-third of the north frigid 
zone ; one-half of the north temperate zone ; one-haff of the torrid 
zone ; one^tenih of the south temperate zone — ^the amount in the 
south frigid zone being at present unknown. The mean elevation 
above the sea-level of all the land on the globe — ^islands as well as 
continents, mountains as well as plains— is estimated by Hum- 
boldt at somewhat less than 1000 feet. The Tnean depth of the 
ocean is calculated by Laplace, from the tides and other pheno- 
mena, to be at least 21,000 feet. " Hence," says Sir H. Holland, 
" allowing full margin for errors, the entire submergence of the 
land might take place, leaving the solid mass of the earth every- 
where deeply covered with waters, — an elliptical globe of ocean, 
moving still under the influence of those sublime laws which had 
before guided its path through surrounding space." 

36. The boundaries of this terraqueous arrangement (Lat. terra^ 

land ; aqua, water) are- extremely irregular. Here the land spreads 

out in broad unbroken masses, there the waters stretch away in 

vast continuous expanses ; here the land rises up in mere specks 

and fragments, there the water inserts itself among them in areas 

equally limited and irregular. Here the land juts boldly out into 

the ocean, there the ocean runs sharply into the land ; here the 

land trends uninterruptedly for leagues, there the ocean embays 

itself with gentle curves into the bosom of the land. Although this 

distribution seems to obey no regular order, and has been continually 

changing throughout all geological time, yet we may rest assured 

— and not the less assured because we are unable to discover it — 

that there is a law governing the insensibly varying relations c 
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walew of the ocean. The former (see iUustration) is spoken of by 
^t^^grophew as the Continental or Land hemMphere, while tlie 
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Other in tonuiHl the Oceanic or Water hemisphere. These and 
othor «»ot ioottblo fttcts connected with the arrangement of sea and 
\k\\\y\ \\w\\\ boon often adverted to by writers on geography; and 
thnugli It iu\i»t be confessed that many of their comparisons are 
more eiirlou» Uum si^^gestive, there can be no doubt that the pre- 
i»out urriitigiMueut i« the result of some great cosmical law— a law 
concerning tho nature of which neither geology nor geography 
can give luiy eert4un indication. This much, however, geology 
iniM nhown, tliivt the present terraqueous arrangement is not the 
iirmnKeinent thut ohUvineil in fonner ages, and that continents 
ttXluUMl whern mHu» now n>ll, and seas extended where continents 

Sfn^l r^^ii""^'*'^' "^''**' ^« ^ ^^J accost for the minor 
«n^ nt!^^^^ *'* r<»'^';t"Hnes-«whysomeiK)rtions, composed of hard 
2 K^ «t,uidout^inboldprojections;%i^e others, 

Zl rrS^. ; /f '""^ T'"^ »^^^^* ^ould be worn into bays 
W S^V^^^^^^^^^^^^^^ ^« greater for.es that slowly uj 

altogether \JxuXZ fit wbr^^''^^ submei^ others, we are 

rce«, ;« kno'w £"21^^X4^^^ ^^f-^-- -^ 8-l^«^ 
mrcoly for iigeN to lutorfore wi^oi^;^^ ^^* *^^ gradual as 
aanenco a"'> -4.1.1 lu^^ ^^^ <>w icl^as of geogiaphical per- 
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Their Subdivisions, Natural and Technical. 

38. Admitting this condition of the terraqueous surface, it will 
be seen, on further reference to the Map, that the land is broken up 
into two main masses — that of the Eastern hemisphere, embracing 
Europe, Asia, and Africa, and described, from its being the only- 
portion known to the ancients, as the Old World — and that of the 
Western hemisphere, including North and South America, and 
known (from its comparatively recent discovery by Columbus in 
1492) as the New World, Properly speakings there are only two 
great continuous land-ma^tses or corUinenU (Lat. con and tenens, 
holding together) — that of the Old World and that of the New ; 
but geographers usually speak of six continents or principal sections, 
— ^viz., those of Europe, Asia, Africa, North America, South 
America, and Australia. Australia and its contiguous islands, 
together with those of the Southern Ocean, are frequently grouped 
as the sixth great division, under the title of Oceania; while others, 
drawing more restricted lines, speak of Australia and New Zealand 
as AvstraUma, and of the many islands of the Pacific proper as 
Folynesia,* The areas of the respective continents, or quarters, as 
they axe sometimes termed (though the " four quarters ** of our 
forefathers embraced only Europe, Asia, Africa, and America), 
have been computed, with their respective islands, as follows : — 

Old World, or Eastern Continent, . 31,250,000 square miles. 
Europe, . . 3,725,000 „ 

Asia, . . 16,165,000 „ 

Africa, . . 11,360,000 ,, 

New World, or Western Continent, . 14,900,000 „ 

North America, . 8,080,000 „ 

South America, . 6,820,000 „ 

Oceania, or Maritune World, . . 4,200,000 „ 

39. The islands included in the above estimate are more or less 
closely connected with the continents to which they belong, though 
in truth the continents themselves are merely islands on a much 

* The subdivisions Australasia or Southern Asia {austndu, southern) and 
Polynesia, or many islands {polys, many; nesos, island), are sufficient for our 
present purpose; but the student may as well understand that many 
geographers and ethnographers speak of the East Indian Archipelago as 
Malaysia,; of Australia, Papua, New. Zealand, and the minor contiguous 
islancts as AustraUism or Melanesia {jnelas, black), in reference to the colour 
of their aboriginal population; of the numerous small Pacific islands 
north of the equator and east of Malaysia as Micronesia {micros, small) ; 
and of the many groups lying south of the equator and east of Australasia 
as Poliffiesia, 
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larger scale. In the disposition of the islands some curious 
coincidences have been noticed by Geiman geographers, but these 
resemblances are in many instances more fanciful than real, and 
have no discoverable bearing either on the problems of geology 
or geography. Many of the larger islands— as Iceland, Spitzb^n, 
Novaia Zemlia, Madagascar, and the like — are soUtary and in- 
dependent ; others again— as Tierra del Fuego, Sicily, Ceylon^ 
Tasmania, &c. — are curiously connected with the extmnity oi 
some peninsula and continent, to which they foim, as it were, 
mere outliers ; while, in a majority of cases, the islands V^V^ 
are found in clusters or Archipelagos (a term originally applied 
to Isles of Greece), such as the West India Islands, the Isles ol 
Greece, the East India Islands, the Japan Isles, the Sandwicn 
Islands, and many other groups that must at once present ttiem- 
selves on the nK>st cursory inspection of the Map of the W orl<L 
This disjHjsition is no doubt in intimate connection with geological 
centres of uprise or depression— uprise into new continental areas, 
or depression into new seas ; but the consideration of such oscilla- 
tions iu the earth's crust belongs more appropriately to Geology 
than to Physic<\l Ge<x;raphy. - 

4i>. lu describing the features and peculiarities of the ^^^ 
geogniphers make use of the foLlo^ving designations, which, "^*^|^ 
familiar iu evervdav lauguaj^'e, may here, for the sake of method, 
be brietly recapitulated. Thus, a corUinenty as already indicated, 
in ai»y extensive region uninterrupted or unbroken by seas ; an 
iduHily any smaller portion surrounded by water ; a pemnstda 
(Lat, pefiel almost ; ifmdiiy island), a portion nearly surronnded 
by water ; an isthmus (Gr.), the narrow neck that connects two 
ai^aceut masses of land, or a peninsula with the mainland ; and 
» capt^ pt^montorf/y headland y or ness, a point of land jutting out 
into the water. Besides these terms, which refer to the contour or 
vUaputdiivn \>i the land as conuected with water, there are others 
w^ch ivlate to *urtace coniiguratiou or vertical relief. Thus, 
w^toiMivi' ttata ai'e known as plainsy steppesy prtnrie»y pampctSy 
wmI thv Uk*» ; louuller tiata^ a* wi//e#/«, dalesy strathsy carxs, &c.; 
t^lcyatvd ittiU'o or lesj^ abruptly above the general surface are 
w i»i' *w vining mto hUU, or still higher into mowntofkis; hills 
uouutaiiui UU4V i*taiKl Iw* or more apart from each o4her and 
• • 'nay occKU' iu j/-*vw/>* a* if connected with a common 

'U>y »ttvtch a>*ay in determinate courses known 
'.</*'« ; whilv level elevated tracts are spoken of as 

'"'» ^vluig I ho v;U>W on evtry s^ide* and in all its parts 
^UsKUd s^uU one j^ivut ocean, the Water & still 
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divisible into certain areas that are more or less defined by the in- 
tervention of the land. Thus, on the west of the Old World, and 
between it and the New World, extends one main division known 
as the Atlantic (so called by the ancients from its washing the west- 
em base of Mount Atlas in Africa) ; on the west of the New World, 
and between it and the Old, expands another natural division 
known as the Pdcific (from its comparative freedom from storms) ; 
while between Australia and its contiguous islands on the east and 
AMca on the west, lies the Indian Ocean, It is usual, however, 
to speak oi five great oceans — ^viz., the Atlantic^ Fa^dfic, Indian, 
Arctic, and Antarctic — ^the two latter being respectively within the 
arctic and antarctic circles. In geographical descriptions it is also 
useful to employ the terms "North and South Atlantic," and 
"North and South Pacific," and to speak of the expanse that 
stretches away in unbroken vastness between the Indian Ocean and 
the south pole as the " Great Southern Ocjan." The areas of these 
respective expanses are usually estimated iis follows : — 



Pacific Ocean, . 
Atlantic Ocean, • 
Indian Ocean, . 
Arctic Ocean, 
Antaavtio Ocean, 



50.000,000 sqnare miles. 
25.000,000 „ 

17,000,000 „ 

I 



Being ignorant of the amount of land that lies within the arctic 
and antarctic circles, and also of the exact extent of many islands 
both in the northern and southern oceans, the above must be taken 
as approximations merely ; and, further, as amounts that do not 
embrace the areas of minor and inland seas — such as the North, 
Baltic, Mediterranean, Red, Black, Caspian, &c. — ^which occupy 
considerable spaces on the surface of the globe, and which exercise, 
moreover, a much greater influence on its climate, produce, popur 
lation and industry, than their mere surface spaces would imply. 

42. In treating of the waters of the globe, though there is, 
strictly speaking, only one great ocean, the term ocean is applied to 
the large uninterrupted expanses above defined ; smaller areas are 
known as seas ; gradual bendings of the water into the land as 
bays ; deeper indentations as gulfs ; minor and sudden indenta- 
tions as creeks, inlets, arms, &c. ; the narrow belts or openings 
connecting two adjacent seas as straits, or channels; and where the 
sea stretches inland to receive the waters of a river, such an expanse 
is known as & frith or estuary. Besides these general terms, there 
are others of a more local and restricted character, as the^^^e^ or 
rocky inlets of Norway — ^the lochs, or lake-like sea-arms of Scot- 
land — ^the lagoons, or shallow intercepted sheets that occur along 
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Obi in Asia; and the Volga and Dannbe in Europe. Springs, 
streams, rivers, lakes, and seas thus constitute what may be termed 
the geographical phases of water, or, in other words, its position 
and disposition on the earth's surface. Water, however, is circling 
everywhere, and is everywhere present, either in its aeriform, 
liquid, or solid condition. Floating in the air that surrounds us, 
circulating in the tissues of plants and animals, embodied in the 
substance of the hardest rocks, coursing over the earth's surface, 
or percolating deep in the solid crust, it is the great vital fluid 
of nature, by which the whole is permeated, combined, dissolved, 
reconstructed, and vivified in endless revolution and progress. 



Their Mutual Actions and Reactions. 

44. Such is the relative distribution, and such the general fea- 
tures, of the land and water that form the surface of the terra- 
queous globe. Whatever may have been their distribution in for- 
mer ages as revealed by Qeology, one thing is obvious, that in the 
present era they are, within certain limits of change, mutually 
adapted and harmoniously adjusted. The land absorbs and radi- 
ates the sun's heat more readily than the water ; and thus, while 
parched and thirsty in summer, it is refreshed and vivified by the 
moisture evaporated from the more extensive ocean ; while in win- 
ter its tendency to grow colder is modified by the heat given off 
by the ocean, whose slower radiation renders it, as it were, a great 
storehouse of latent heat for the exigencies of the land. Besides 
this interchange of heat and moisture, there is also the interchange 
of aerial currents and winds, caused by the unequal capacity of the 
two great surfaces for heat ; and thus, as will be more ftilly ex- 
plained hereafter, the whole machinery of climate — ^hot winds, 
cold winds, vapours, rains, and the like — is set agoing by the 
primary diiOferences existing between land and water. As at pre- 
sent distributed, a certain amount of moisture is evaporated f^m 
the ocean and carried to the land, a certain amount of heat is in- 
terchanged-^certain winds blow at certain seasons, certain tides 
rise and fall, and certain currents flow in the performance of cer- 
tain functions ; but all this would be changed by the slightest 
alteration either in the relative areas, in the relative configura- 
tions, or in the relative positions of land and water. In their pre- 
sent areas, configurations, and dispositions, the two elements are 
harmoniously adapted for the production of certain results, geolo- 
gical, climatological, and vital ; and the student must readily per- 
ceive how the forco of tides and waves and currents would ^ 
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altered, the climate of regions changed, and their plants and ani- 
mals affected by the slightest disturbance in the existing tenaque- 
011S arrangements. Let North and South America be severed by 
the disappearance of Panama — ^let the bed of the Atlantic be up- 
raised so as to deflect the Gulf Stream on the coasts of Greenland 
instead of those of Europe — ^let the central plain of Europe be 
submerged so as to be occupied by another Mediterranean, — let 
these, or any similar set of changes be effected on the present 
arrangement of the continents and oceans, and a whole host of 
new secondary influences would be set in motion, altering the 
climates and modifying the kind and character of the plants and 
animals that people these regions. So intimately, in fact, does the 
conditions of the one element depend upon those of the other, and 
plants and animals upon both, that not a league of land could be 
converted into sea, or a league of sea-bed upheaved into dry land 
— ^the land raised a foot higher or the sea become a foot deeper — 
without a corresponding change being effected on the whole econ* 
omy, physical and vital, of our planet. 

From Nature's chain whaterer link you strike, 
Tenth or ten-thousandth, breaks the chain alike. 



NOTE, RECAHTULATOEY AND EXPLANATORY. 

The facts detailed in the preceding chapter are so simple and 
obvious, that they require little recapitulation or further explana- 
tion. The surface of the globe, or that which comes in contact 
with the atmosphere, is partly occupied by land and partly by water 
— ^the former constituting more than a fourth, and the latter about 
three-fourths of the entire area. On a cursory inspection of the 
map of the world, the land will be seen to resolve itself into two 
main masses — the Eastern hemisphere or Old World, and the 
Western hemisphere or New World ; and these by geographers are 
usually further subdivided into the so-called " quarters " or conti- 
nents of Europe, Asia, and Africa in the former ; North and South 
America in the latter ; together with a south or insular division, 
embracing Australia, &c., under the name of Oceania. Of these 
continents the greater portion lies in the northern hemisphere, the 
broader masses spreading out towards the north, and gradually 
narrowing towards the south in the cape-like projections of South 
America, Africa, Hindostan, and the Malayan Peninsula. The 



RECAPITULATION. 67 

ocean^ though encircling the globe on every side, and stretching 
from pole to pole, is also arranged in areas more or less defined by 
the intervention of the land-masses. The main divisions are the 
Atlantic, the Pacific, Indian, Arctic, and Antarctic Oceans, which, 
for convenience of description, are frequently subdivided into 
North and South Atlantic, North and South Pacific, Northern, 
Southern, and Polar Seas. The technicalities employed in treating 
of the relations of land and water — shore-line, coast-line, island, 
peninsula, isthmus, cape, bay, gulf, strait, channel, and the like — 
are so obvious, and of such frequent use in everyday language, as 
scarcely to require any special explanation. The physical results 
arising from the present distribution of sea and land are manifested 
chiefly in tides, currents, unequal reception and radiation of the 
sun's heat ; and as a consequence, winds, vapours, rains, and all the 
other phenomena that give rise to climatic diversity. What may 
be the proximate cause of the present arrangement of sea and land 
— ^why the land should lie chiefly in the -northern hemisphere, and 
largely within the temperate zone, while it disappears in a success 
sion of narrow cape-like lobes towards the south — neither Geology 
nor Geography can determine. One thing, however, is certain, that 
it is part of a great geological sequence of continuous oscillations 
between sea and land, each change being attended by its own 
physical and vital phenomena ; and that, as in the past history of 
the globe, so in tiie present, no alteration in this terraqueous 
arrangement can take place without a corresponding alteration in 
all the essentials of Physical Geography. 

For the minor subdivisions of land and water, which are arbi- 
trary and political, rather than physical, the student may consult 
Mackay's ' MaTiiml of Modem Geography,' or any similar work 
equally recent and ample in its information. 
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perate latitudes ! How different also the condition of North, and 
South America if, instead of stretching from north to south, 
through all the different zones of temperature, they had lain, like 
the Old World, from east to west, along the same parallels of lati- 
tude ! And how altered, in like manner, had been the physical, vital, 
and perhaps also the intellectual, characteristics of Great Britain, 
if, instead of trending northward and southward, between the 50th 
and 60th parallels, it had stretched westward to the same extent 
into the waters of the Atlantic ! Position, in fact, is an all-im- 
portant element in geography ; hence the value of accurate map- 
ping, and a knowledge of this mapping to every one, whether 
engaged in commercial pursuits or in the study of natural pheno- 
mena. The cause of the present position of the dry land lies far, 
as yet, beyond the indications of science. We learn from Geology 
that the existing position is not that which obtained in former 
ages ; and that, in fact, every epoch was characterised by its own 
special distribution of land and water. The consideration of 
these alternations belongs to Geology: Geography has mainly to 
deal with the existing aspects of nature. 



Coutour or Horizontal Outline. 

47. Though Geology and Geography are alike unable to accoimt 
for the present disposition of sea and land, there are still some 
features in the contour of the respective land-masses that demand 
a passing notice. Not that we know the producing cause of these 
features, nor that they are deserving the attention occasionally 
bestowed upon them, but simply because they are arrangements 
productive of obvious results, and as such are clearly significant 
of purpose and design. Thus, though the greater bulk of the land 
lies in the northern hemisphere, the greatest extension of the Old 
World continent is from east to west, while that of the New World 
is from north to south. In this way, the Old World, lying largely 
along the same zones, presents a greater imiformity of external 
conditions ; while the New World, crossing the zones — ^frigid, tem- 
perate, and torrid — ^is subject to a greater diversity of temperature, 
and, as a consequence, to all the conditions that arise horn, this 
diversity. 2. Both continents attain their greatest dimensions from 
east to west along the same parallel of latitude, namely, that of 
50* N. — a disposition that places much of North America, Europe, 
and Asia within the temperate zone, while only the narrower 
portions of South America, Africa, and the East India Islands lie 
directly under the burning heat of the equator. 3. Both continer 
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as formerly notict«l, Fpread widely towioxls the north, where they 
nearly a]»]>r(>aoh each other, and t«aininate broadly along the same 
parallel (72* N.) or nearly ao; while, towards the south, they 
gradually grow narrower, and terminate in far-separated promon- 
tories. Indeed, the 8outhward trending of the great lobes of South 
America, Africa, and Australia, and their separation from, their 
main continents by narrow isthmuses or islands, has suggested the 
analogy of three double worlds — ^North and South America, Europe- 
Africa, and Asia^Australia — a curious coincidence certainly, which 
a glance at the map will readily confirm. 4. In like manner, the 
direction of all the principal spurs and peninsulas in both continents 
(California, Florida, Greenland, Scandinavia, Spain, Italy, Greece, 
Hindostan, Malaya, Kamtchatka, &c.) is towards the south — a 
feature by far too general not to suggest to the inquiring mind a 
sameness in the producing cause. 5. These southward- trending 
spurs, moreover, are in most instances curiously accompanied by 
an outlying island or islands — as South America by Tierra del 
Fuego and the Falkland Islands, Africa by Madagascar, Hindostan 
^7 Ceylon, and Australia by Tasmania. And in connection with 
this may be noticed the fact, that these promontories terminate 
in abrupt rocky precipices — as Cape Horn, in Tierra del Fuego ; 
Cape of Good Hope, with its Table Mountain ; Cape Comorin, in 
India; and Cape South-£ast, in Tasmania — all the broken and 
worn extremities of expiring mountain-chains. 

48. Continuing these analogies, we may notice, 6. The general 
disposition of the continents and larger islands in the direction of 
their principal mountain-axes ; so that, given the direction of the 
mountain-chains, we know the longitudinal disposition of a conti- 
nent, or given the direction of a continent, and we can foretell the 
strike of its mountains. 7. The almost complete separation of South 
America from North America, of Africa from the Old World, and the 
severance of Australia from Asia ; as well as the curious resem- 
blance that obtains- between North America with the West India 
Islands on its south-east, Europe with the Grecian islands on the 
south-east, and Asia with the Indian Archipelago in the same quai^ 
ter, A'*® curious coincidences that have been long noticed by geogra- 
pbeTB* ®* '^® general tendency of islands to arrange themselves 
ij £jiu^*®^ ^' fiJ'chipelagoes, is a fact also suggestive of a common 
gQfjlo^^^ ^^^®; And, lastly, the numerous indentations of the 
Sea tl^^^ conf^ irregularity and extent of coast-Une on the land in 
M. •'^^irtii^'^ ^^nusphere, is a feature that strongly contrasts with 
^ ^ ^^i^^^ ^ imbioken coasts of South America, Africa, and 
4 1 ^ \raJ^^^ ^ f ^ Southern hemisphere. Inde^ji, this last relation 
^ Qa.^ - - « a broken and deeply indented JM»st-line, furnished 
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with peninsulas, gulfs, inland seas, and harbours — ^is one of the most 
important in Physical Geography, as on it depend greater diversity 
of climate and productions, and all those facilities for navigation and 
commerce which confer on nations their wealth, power, and inde- 
pendence. Europe and North America stand pre-eminent for their 
relative extent of coast-line ; and hence in a great measure their in- 
dustry, maritime enterprise, and civilisation. Assuming that the 
capacity of a country for external communication can in some de- 
gree be estimated by the proportion of its coast-line to its superfi- 
cial area, the following tabulation will briefly exhibit this relation : — 

Square miles. Length of coast Square miles for 
statute measure, in stat. miles. 1 mile of coast. 

Europe, . . 3,400,000 20,000 170 

Asia, . .. 17,600,000 33,000 533 

Africa, . . 11,300,000 16,500 680 

North America, 7,200,000 28,000 260 

South America, 6,800,000 16,500 420 

Australia,. . 3,500,000 7,600 460 

Here it will be seen that Europe has 1 mile of coast for every 
170 square nules of surface, and North America 1 mile of coast for 
every 260 square miles of surface — a proportion more than double 
that of the other continents ; hence one great physical reason for 
the commercial and industrial supremacy of their populations. 

49. Besides the preceding analogies, there are several others that 
have been noticed by geographers ; and though such comparisons 
are often more fanciful than real, they are all less or more sug- 
gestive, and may occasionally lead to a satisfactory theory. But 
whatever may have been the causes that produced the present 
arrangement of the land-masses, no change could take place in 
their relative situations without being attended by corresponding 
changes in the nature of their climate, and in the character of 
their vegetable and animal inhabitants. Had they lain chiefly 
within the tropics — ^been situated partly in the northern and partly 
in the southern hemisphere, with a broad belt of tropical ocean be- 
tween — ^been arranged either longitudinally or latitudinally in par- 
allel zones, or been broken up into smaller masses by the more 
frequent intervention of the ocean — a totally different set of cli- 
matic agents would have prevailed, and been consequently attended 
by a totally different distribution of plants and animals. During 
geologic changes, when large tracts are being gradually submerged 
and others are gradually elevated into dry land, whole races of 
plants and animals are extinguished, while others shift ground 
and find means of dispersion over the newly elevated regions. A' 
present the plants ^d animals of the Old World differ from thoE 
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of the New, those of North America diflfer considerably from those of 
South America, thoee of Europe from those of Africa, and those of 
Asia from those of Australia ; but these differences would have been 
still more striking and decided, had these continents lain still more 
apart, or been more widely separated in their geological connections. 
As it is, and in the language of an eloquent authority, " each of these 
terrestrial masses, considered as a whole, as an individual, has a 
particular disposition of its parts, of the f oims which belong to it — a 
situation relatively to the rays of the sun, and with respect to the 
seas or the neighbouring masses — ^which is not found identically 
repeated in any other. All these various causes excite and com- 
bine, in a manner infinitely varied, the play of the forces inherent 
in the matter which composes them, and secure to each of them a 
climate, a vegetation, and animal life ; in a word, an assemblage 
of physical characters and functions which are peculiar to it, and 
which really give it something of individuality." It is this indir 
vidtiolity of the land-masses and its discrimination that constitute, 
in fact, the very purport and essence of Physical Geography. 
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Vertical Belief or Elevation. 



50. Next to the contour or horizontal configuration of the land, 
the most important feature is its vertical relic/, or elevation above 
the level of the ocean. As the position of an island a few degrees 
farther north or south, its disposition along the parallels of latitude 
or along the meridians, or its configuration as broken up by seas 
or lying in one unbroken mass, must each affect the nature of its 
elimate, so its vertical relief is productive of similar results — every 
" e of 300 or 350 feet being sufficient to diminish the temperature 
one degree of Fahrenheit Admitting the importance of this 
we may again, for clearness* sake, repeat that a tracing of 
"^ine of an island forms its contour; its entire surface, as 
'']^t|hts and hollows, constitutes its vertical relief; 
JMf its surface, as seen against the sky from any one 
m^projlle for that direction. If we cannot determine 
^'^ '' as that have produced the existing posi- 

^ continents, we know, at least, that the 

^ ir surface diversity into noiountain and 

/• I ^*^> a^® the vulcanic forces acting from 

"*"*• ^nce to some great law, have been con- 

^Y • shifting place from the earliest traces of 

^^eoloj.' time, and extensively, along the old gran- 

itic 1 lia, and Africa--at anotbier, and with equal 



intenrfty, along the secondary hills of the Batne continents — and 
now, with apparently unabated vigour, along the main ridges of 
America, the ialands that fringe the eastern shores of Asia, and 
the groups that stud the bosom of the Pacific. These succesaiTe 
fihiftings and npheavals form, in fact, part and parcel of the great 
machinery of the world — a machinery by which the sea-bed ia up- 
heaved into new land, and old surfaces siibme^;ed beneath the 
ocean, and this continuously, sncceBsively, and, in all likelihood, 
in a determinable order, which Geology will one day or other be 
enabled to discover. The student cannot cast his eye over the 
Map of Earthquakes and Volcanoes, and observe the comparative 
paucity of volcanoes in large tracts of the world, and their great con- 
centr^on in groups and lines along the shores and over the sur- 
face of the Pacific, without being impressed by the conviction that 
in that region some great cosmical change is in course of elabora- 
tion. We say, in antrse of daboration; for, like all other gigan- 
tic operationE in nature, the upheaval of continents, and the up- 
piling of mountains and mountain-chains, are the works of innum- 
erable earthquakes and volcanoes opeiating through imtold ages. 
Besides the more obvions operation? of the earthquake and volcano, 
there is also that slow but gradual elevation and depression of 
vast regions (e. g., the uprise of Northern Scandinavia, the depres- 
aiou of South Qreenland, ^e uprise of the Arctic Islanda, &c), 
which in course of time must effect moat important changes ; and 
to these combined forces, assisted by the wasting and wearing of 
air and water, are to be mainly ascribed the principal features in 
the vertical relief or superficial diversity of the land. 

51. Among these features may be noticed, ^r«t, That in all the 
continents there is a gradual rise from the sea-ahore towards cer- 
tain points or ridges in the interior — the spaces occupied by a few 
depressed areas, as the Caspian, Dead Sea, &c., being so limited and 
exceptional as not tfl be r^ardod as interfering with the general rule. 
These ridges, or points of maximum swell, form the grand water- 
akeda of their respective continents ; and a glance at the c uii -n 
of the principal rivers will at once direct the eye to the lin.- uf 
these mountainous elevations. 2. In all the continents this line 
of greatest elevation does not occupy the centre, bat is placed 
more towards one side than another ; hence arises two slopes of 
unequal length, the long side forming the ttope, and the shorter 
the eottnter-tlope, of the continent, la the Old World the l 
elopes are turned towards the norih, and the short towan' 
south ; while in the New World the gentle slope ia toww 
east, and the short and rapid one towards the west, 3. 1 
this difference of arrangement in the slope and counter-slop 
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l»ij-> n tie -r^ w^ K. i r-aeni: ftinemnr of the Undtowris 
lilt B.r-iu am t i^^*^u. rwt mitl EreijmariTT of its snrfw* tfr 
^unir lut •». aiu i"»-vai n aL tat c.mxiiifjits. *" The tf«i cl 
tIu^ mv ir ttTTui^-ni-ir^' r tut- i»t^ well c»l»serred, -^^ to taapa 
tiH nuniui: n-.ii^ <r tat Tnnucjil Tecinn&, and to ci^ ^^«"*.* 
vjiri-rr ,»» ,.mia;t t-lui ^-oib' ii.i: Tr» ttticiiii: tP these cwnicne 
iif tilt c.-n. i' Ilii^ tm^.^ w-n TPvowd. and tiie *^^^^ 
t'tit iuua^ v-tar in ni'-^-atva:!: i,»wiinL- tbf unniu the most cmiiaed 
hurf n? iiK ::,.,!•». m: u*t 7r»vi*-jin lurr.voiiJu W a frozoi mnd ubd^ 
Luii:;..:.it or-- ' i; ^^ I^^^l rrai^utiraTi.inf of tiii* kind diat^ 

}»t*ua«iit^ iLu: si.:.,;is:- i^riitna. i^Vxarivntf dt^aitineiilsrfM*^ 
\ ou laaot.i-^ i.c *iKn.:."K. khtir tut- >:)Rn:i.m erf an island witiwrt 
aflrt-uiu: Hf iTf Tifju: :.:"Tiurt» : ^-.n: ciiliicit dhsjipe its contour witk- 
oui c^iiu: ii:;(, ,,-j.T- , ^^ ^^ ^ vBVt* and tides and cnnente; 
M»u Tvm <a.iui.i: J<r^n nf reL^ toihtT ^'v raisitur a compaiatiTCly 
If vrl Ruriacif 11.1 .. L^ T irrv-r':K^r.^ w I'T smoothing down iir^- 
lantit* ii.u. 1^^^: j.-^^ ^r:ii,.Tn ini«rfermfr with its plants and 
aiiuual.^ too, ic. a cvrLuin tn-tmi, aL*io with the whole of the rda- 
tiouB thai Bul«i<i Itcvt^ n* T-e.jtaja.le and animal economies. 

52. Ae auv.TLtT jwdotI kw ix m^v l« stated, 4. That the 

grand elfvatinng or m.TiEiAiiHrai.^ lie in the direction of the 

greatest len-ih of a contiB-ni ; in fact, it is the great lines or 

axes of upbuaral that ociJ^^r on the continents their main reh^ 

or comiguTHtion. Tbu*. hi the Xew World, whose greatest length 

^5«r VJ!^ ^ "^^^^ »^^ '"is^ <rf the Andes and Bocky Monn- 

S.^^T^^^'^ of Braril, and the AUeghiuiies of the United 

thTou*^ f, ^ ^^ ^^ ™ore legnlari V m the same direction. In 

caat T Jw "^"^ ^ ^*^^«- J^<i. ^t<^ greatest length is from 

caaua n^r^'i '^''^ ^^ **»« Pvrenees, Alps, CarpathianB, Caa- 

^^^i^yaa, and Altai, lie chie^ in the same diiecticm, 

»hed« The K ^^ ^^^^ ^ ^® ^^^^ a^d south of these water- 

gPeftt 'xttoun^ u ^' if we may so speak, of the New World is the 

lijwap directbn'wV ^^^ ^^'^^^^ *^* extend in the same 

on the uorth-^a 1* Patagonia on the south to Russian Amenca 

OP fmmewopk of th^VA ^^^^^^ 8^00 miles ; while the backbone 

^M^^ that extend l^i: x^^^^^ ^ similarly compiosed of a series of 

"' ' K«!l.\ , ^"^® interruption from the Pyrenees 

< tK'^*^* .^^ *^e east. 6. As with the con- 

' -tinuo^^P^ ''^^« ^d peninsulas : they are aU ' 

' '^ their Z^T^^^ ^y mountain^or hill ranges in 

Kiinitchatka Sr f ^^-^ witness Scandinavia, 

'^*«Htt«Oftr 0«i7J^ ^^*' *^® islands of the Indian 

• ^«^omia, and Greenland. In fact, it 
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U the moantain-rangee that determine the Bttike of the land, and 
confer on these spun and peninBulas their elongated forms— the 
eruptive rocka bulking in ridgeg, and canying Uie stratified ays- 
temB high on their slopes and shoulders, 

53. Beserring the ammgement of the world's highlands into 
mountain chains and systems for subsequent consideration, it may 
be noticed in the mean time that the loftiest ridges in the verti- 
cal relief of the land ate those of the Himalaya in Central Aaia, 
whose highest peak is, in round numbers, 29,000 feet; next, 
those of the Andes in South America, £4,000 feet; the Cordil- 
leras of Mexico in North Ameiica, 17,740 feet; the Alps in 
Europe, 15,740 feet; the Abyssinian mountains in Africa, 14,720 
feet ; and the highest ascertained points in Malaya, Australia, and 
Polynesia, respectively 15,000 feet, 7000 feet, and 16,000 feet 
These sltitudra, however, convey no idea of the general relief of 
the several continents, whose superficial aspects depend more on 
the table-lands and plains, the hill-tanges and valleys, than on the 
extreme heights of their principal mountains. Indeed, so small a 
proportion do these extreme ridges bear to the great mass of the 
continents, that it has been calculated by Humboldt that the Alps 
spread equally over the surface of Europe would raise the general 
level not more than 21 feet ; while the vast mountaln-chainis of 
Asia, treated in a siniilar manner, would not add more than 150 
feet to the general elevation of that continent. Blending all their 
heights and IioIIowe into a j,-eneial average, the mean elevation of 
the respective eontinenta above the sea-level are given by the 
great German pliiloBopher as follows :— Europe, 1348 feet; Afiia, 
"""■ ' ' *"' , laiM) feet; North America, 1496 feet; and 
)S feet. As the surface of the dry land preaenta 
s, and the sea-bed its shoals and depths, 
' that the depressions of the one sink in 
ms of the other. For this belief, how- 
ittn in fact. On the contrary, judging 
,i the ocean, the soundings we already 
;jLn elevation of the dry land, it seems 
include, with Sir John Herschel, that " the 
ii'f:it.'<; of the dry laud most probably does 
jith iif the mean depth of the bed of the 
^U, in the absence of reliable soundings for 
^6 with 30 much of the ocean-bed unexplored 
-a better to avoid sucb comparipons, and to deal 
-i 7-eIief of the land on its fjwn merits, and as a 
L measure already determinedL 
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Games and ConsequeneeB of Configuration. 

54 It will be seen from the preceding paragiajkhs that the three 
great elements in the con%iiration of tiie land are relative posi- 
tion, contour, and vertical reliel By relative posiiwn is meant the 
place an island or continent occupies on the surface of the globe ; 
and just as this position is frigid, temperate, or tropical — as it 
lies in broad parallelism along the same zone, or crosses meridion- 
ally two or more zones — so will its climate be genial or ungenial, 
uniform or diversified. The causes that have determined the 
position of the existing continents lie far, as yet, beyond the indi- 
cations of science, though we may rest assured that, in the 
gradual shiftings of volcanic eneigy from centre to centime, and in 
the alternate uprise and submergence of lai^e tracts of the earth^s 
crust, we behold the results of a definite and continuously o])o- 
rating law. By contour is meant the outline or figure which tliu 
land receives by being surrounded by the water ; and just as thin 
outline is simple and uniform, gs irregular and indented by seoM, 
bays, and gulfs, so will its external conditions be varied, and ItH 
coasts better fitted for the purposes of navigation and conimcrco. 
This contour depends mainly, of course, upon the original ino(|Uul- 
ities of the crust, but partly also upon the waste and degradiition 
which all coast-lines undergo from the ceaseless action of tho 
ocean. Combined, as in the case of Europe, with favourable 
relative position, it exercises most important influences on clinmtii| 
productions, industry, enterprise, and civilisation. By vertiral 
relief w meant the elevation of the land above the level of tho 
ocean: and just as this is regular or irregular, low or lofty, nn will 
the whole character of a country be determined. A few liundn^il 
feet more or less of elevation is sufficient to change the wholt« 
physical aspects of a countiy— ccaverting arable fieldn and vl rut- 
yards into pasture-lands, pasture-lands into pine-forests, ami pitiii- 
forests into regions of ev^lasting snow and glacier. Tliis vi^Hlriil 
relief of continents and isknds depends, as alrea^ly nniUmlf 
mainly on their lithological or rocky stmctnre, on the inU'Unhy 
and continuance of the ynlcanie forces to which ihtsy h&va )u'nu 
subjected, and on the amoimt of waste and degmdatiz/n i)my may 
have subsequently undeiginie. Thus, during the »\aw (fmiWrniUmit 
of the earth's cmst, there are few tracts of the exuiUtt; Uri/i tluit 
have not been mare tiian once xmda the waUam of i\ui tHtiuin ; 
hence the amount of ^^miAmg^ smoothing^ and sotui/Iifig (ft ihtsir 
relie&L There are also few taeU that hare not be«ii mihit^xUal to 
a zecmxcnce of rokmc aetnrity; and benee^ hi proportkm^ th<i 
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gi«*t«r irregnlaritj, abraptncM, and vuiety of their Btu&cei. 
And even atta cleTatioa into pennanent ialandB and coatmentB, 
theM niriacei an all leai or more ntbjected to sqaeont and 
«tmo«pbrric wwte, which u alcnrlj bnt iirenatiblj moulding tbem 
into iKwer ^atliuM, according to the harder or totter uaton d 
the rock material! that compoae tfaem. Hie ndief of the land u 
thui a thing of slow hot inceannt flnctnation, affected bj ereij 
Uprioe and depMomou of the eatth'i croEt, bj evei^ volcanic oat 
IniTxt, and t^ eret; action of the aqneons and atmospheric 
frnviia that waste and wear down the eipoeed anifBcea. So gradu- 
ally, however, do these foicea operate, that no appreciable cbanf^ 
ii product for centuries ; and thns we are led to associate idesi 
iif )N>rmanenr]r with what in reali^ ta incessantly but infinit«s- 
iiially changing. 



Kon, BiOAprruu.TosT Aim xxplahato&t. 

Tho facts connected with the general configaration of the land 
liiiVK lH'i<n so fully stated in the preceding chapter, that reiy little 
lulilitlonol explanation ia required. Relatiye position, contonx, 
uiiil ri-lii'f, are alike inflnential in modifying the external condi- 
lliihi nrnrot{ion; hence the importance of their accuracy in all 
((■"'Kiujiliiiral desc^ptions. latitude and Icmgitude determine ^le 
jHHiltldii ; a sufflcient number of similar observations fix the cod- 
tiiiiri atid trigonometrical survey or barometrical oheervation (mer- 
I'.UI^I ivT TiTivwflil> can define the relief or outline of elevadon. 

I'ualiliiii 1,11,1 iriiir are readily shown on maps by actual out- 

II' indicated by a scale of ehading, or more accn- 



f 



rMMlr tiY )• ■>! ii'jii 01 contouring, as shown m nate 1. (Chaito- 
MMf't'Tf "t ll.< 'l^sical Atlas.' Thus, taking the shoieJine, 
JWAh K i.ll 1,1, ilie same level, as the fiist contour, we maj 
™'» ■li'iilui In,!,, taken at every 60 feet or every 100 feet cS 

"•■'""I, flii't I) (when the observationB are sufficiently nnmer- 

J?"'' *"' *tUi< ii, with great accuracy, the Tilings and EallingB of 
.i,:;iimtion. Such a series of lines gives, as it was, 
"I i.iNliil of the smface, and a section of this model, 
" will show the profile for that direction. Sap- 
' 'I (example, with ita coutoms takoi at ereiy 100 
' <m r^iTMiented by fig. 1 ; then fig. S vill shov 
" i-'/ratiMlnteeleTatiottiutbeliiie of section AE 
' >uMi fif contour, the moi« lafid or deeper the 
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ascent, and the more widely apart they are, the flatter is the slope 
of uprise. It is by such sections that the profiles of the different 




Contour and Profile. 

continents are usually shown by geographers, as will be more fully 
illustrated when we come to treat of the mountains and table- 
lands in the succeeding chapters. 

Should the student desire to enter more fully into the subject 
of position, contour, and relief, with their ultimate bearings on the 
features and characters of the respective continents, he will find 
more ample details in Guyot's * Earth and Man ; ' in Mrs Somer- 
ville's ' Physical Geography ; ' and in several of the chapters of 
Humboldt's * Cosmos,' 
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MOUNTAINS AND MOUNTAIN-SYSTEMS. 71 

Geology enables Geography to account for the external char- 

3 of mountains, and to explain why some should be massive 

rounded in outline, others serrated, with splintery peaks and 

acles — some conical and dome-shaped, and others, again, ter- 

1 by crags, or sloping away in long, gentle declivities. 

i. Understanding the general character and formation of 

jitainous elevations, we may explain that the term mountain 

jually applied to heights of more than 2000 feet — all beneath 

: height being regarded as hUlSf and those of still minor eleva- 

L as hillocka, A mouTUain-chain or mountain-^ange is a series 

. Jevations having their bases in contact, and their axes or lines 

elevation continuous, over a considerable extent of country — 

the Grampians, Urals, or Andes ; a group consists of several 

•^ages more or less connected; and a st/stem, of several groups 

\t evidently belong to the same set of geologic operations. 

, . . juntain-summits are distinguished by such terms as cones, when 

adually tapering to a point, as in volcanoes ; domes, when more 

assive and rounded ; peaks, when abrupt and insulated ; and by 

.6 French word aiguilles, or needles, when still more pointed, 

^lintery, and detached. The terms undulating, serrated, rugged, 

ad the like, applied to their outlines or profiles, are so familiar in 

veryday language, as to require no special explanation. Mountain- 

'" ides consist of slopes, terraces, escarpments, and precipices, or of 

*^ . combination of these ; and these outlines depend chiefly on their 

* * jeological structure, and partly on the amount of waste and de- 

j^radation to which they have been subjected. In general, moun- 
'' 'tain-ridges have a long, gentle declivity on one side, and a short 

*'- and abrupt one on the other ; and where this occurs, the longer 
^ declivity is spoken of as the slope, and the shorter one as the coun- 

^^^ ter-slope. This slope and counter^slope is equivalent to what is 

* •' known in Britain as " crag and tail,^^ — ^most of our isolated hills 
^' presenting a bold precipitous front to the west or north-west, and 
^'f^' a long slope or tail to the east or south-east — a configuration the 
r obvious result of denuding currents, as the land gradually uprose 

^'' from the waters during the pleistocene epoch. The depressions 
• ' and narrow valleys which occasionally intersect mountain-chains 
'"' are known as defiles and passes; and these, offering, as they often 
"=*^ do, the only means of transit across mountain-barriers, have ever 
been objects of political and commercial importance. Some of 
the most celebrated deeds recorded in history are associated wr 
these passes, and modem engineering is stiU in search of th 
easy gradients and facilities. 

[We have said thitt the outlines of mountaiiui depend chiefly on th 
geological stniotorey &nd partly, also, on the amount of waste and degi 
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dation to which they hare been subjected. It is in this manner that bills 
composed of liard Imsalts and sfreenstones, alternating with soft tu&s or 
stratified rooks, assume ierra/cxfimm. declivities ; that extinct yolcanio hills, 
Uke those of Auyeign^ put on a ercUeriform aspect ; that ^ose Uugelr 
composed of hard massive strata — as limestone, coDglomerates, and lancU 
stones — present a tabular appearance; and that mountains capped and 
flanked by crystalline schists are terraJUd with peaks and pinnacles.] 

67. With these explanations, the principal Mountain-Systems, 
whose direction and extent will be best seen on reference to the 
Atlas, may be here enumerated — ^the student remembering that 
there is much in this arrangement that is arbitrary, or, at all 
events, not sufficiently established by actual observation. ThuB, in 
Europe, geographers usually distinguish the British aydem^ com- 
prising the Grampians, Cheviot, Cumbrian, Cambrian, and Hiber- 
nian ranges ; the Iberian or Spanish, embracing the Pyrenees, the 
Cantabrian Mountains, the Sierra Morena, Sierra Nevada, and the 
sierras of the central table-land ; the Sardo-Corsican^ consiBting 
of the mountainous range of Sardinia and Corsica ; the Alpine, 
including the Alps proper, Apennines, Carpathians, Balkan, and 
Hellenic ranges ; the Scandinavian, or mountain plateaux of 
Norway and Sweden ; the Sarmatian, or central high-ground of 
Bussia ; the Uralian, and Caucasian, In Asia we have the 
Western system, comprising the Taurus, Anti-Taurus, Lebanon, 
Armenian, and Elburz ranges ; the JSouthreastem system, embrac- 
ing the Hindoo Koosh, the Himalaya, and the mountains of Bir- 
mah, Siam, and Cochin-China ; the Eastern system, comprising 
the Kuen-lun, the Pe-ling, Yun-ling,Ejhan-shan,In-6han, and other 
Chinese ranges ; and the Northrcastem system, extending from the 
Bolor Tagh in the centre of the continent to Behring Strait, and 
comprehending the Thian-shan, the Altai, Yablonoi, and Stanno- 
voi ranges. In Africa may be enumerated ^^AiUu system; the 
Guinea system, embracing the Kong and Cameroon Mountains ; 
and, so far as is known, the Eastern system, comprehending such as 
tha Quotlamba, Lupata, and other contiguous ranges. In Nobth 
America, the Paxyific system, embracing the great range of the 
Mexican Cordilleras and the Bocky Mountains, on the west of the 
continent ; and the Atlantic or Appalachian system (Alleghanies, 
&c.) on the east In South America there is the giant system 
of the Andes in the west, the Brazilian system in the east, and 
the system of Parirn^ between the rivers Amazon and Qrinocco 
in the north. Of Australia and its mountain-chains we know 
too little as yet to enable us to arrange them into gronps or 
systems, though one main ridge, extending along the eastern 
coast from Torres Strait on the north to the extreme point of Tas- 
mania on the south, would seem to indicate a Hanaeness and contum- 



MOUNTAINS AND MOUNTAIN-BYBTEMg. 73 

ity of geological upheavaL Besides the aboye, other minor systenui 
have been named ; but enough has been indicated to lead tJie stu- 
dent to the appreciation of the fact that the principal mountain- 
chains may be arranged in groups or systems that have arisen appa- 
rently from the same set of geological causes acting more or less 
continuously along the line or direction of their elevation. 

[Touching the general distribution of mountains, it has been aptly re- 
marked by Sir John Herschel that, ** In the New World we find a continuity 
of a Tast and extremely precipitous line of rery elevated mountains, running 
from the Arctic Ocean almost to the extremity of Piatagonia (a distance of 8280 
statute miles), skirting along the western coast of ihBtt itnmense continent, 
closely following all its flexures in the southern half, and in the northern 
opening out somewhat more, it is true,, but still preserving the same gene- 
ral character of a lofty, mountainous, western border to a vast expanse of 
eastern lowlands ; and, throughout the whole of this border, we perceive 
a most distinct and unmistakable tradency to a system of double or triple 
ridges, nearly or exactly parallel, not here and there for short distances, 
but extending for hundreds of miles in succession, and resumed again and 
again when interrupted. In the Old World, on tne other hand, we find no 
sing^le, well-defined, continuous chain running throughout, much less fol- 
lowing the coast-line, but a broad belt of mountidnoas country traversing 
the whole mass of land in a general direction, and carried through the 
heart of the continents, from the extremity of Europe and North Ainca 
across to the western shores of the Pacific. In the European portion of 
this system, linear prolongation, except in the Pyrenees, is very far from 
distinctily indicated. On the contrary, divarication and embranchment 
are there the dominant features, as they are especially so in tiie north- 
western region of Asia; and it requires some determination in tracing con- 
nections to follow out a leading line through the P^nees, the hip^her 
Alps, the Caucasus, and the mountains of Elbrous, through the Hindu 
Koh, up to the great system of Asiatic mountains which endoee tiie plateau 
of Thibet. Neither is the principle of parallel association carried out with 
anything like the same precinon and sequence in the old as in the new oon- 
tinentb Along the Caucasian and Elbrous range, and as far as the termi- 
nation of the Hindu Koh, this principle is pretty clearly maintained ; but 
from the point in littie Thibet where this last-mentioned mtem forks out 
into the two great chains of the Himalaya and Kuen Lnn which enclose the 
table-land of Thibet proper, a greater degree of confusion and interlace- 
mfflit prevails, and beyond the termination of these ranges in Assam and 
on the Chinese frontier, the mountain-system of China and south-western 
Asia spreads out like an immense £101, in some of whose ranges a hi^h 
degree of paralleUsm is preserved among contiguous members, while m 
others the branching character prevails quite as conspicuously." ] 

58. As monntain-63r8tem8 exercise very decided influences on the 
natoral history of the globe, and as they generally appear in ranges 
consisting eitherof one central chain wi^ branches or spurs running 
off at right angles, or of several chains running less or more par- 
allel to each other, various theories have been advanced to accour ' 
for their upheaval, their pandlelism, and their geographical cc 
nections. Thus, as their central masses generally consist of igneo 
rocks (compare Geological Map of Europe with Map of Mountai 
systems), which have been protruded firom below, and as this pn 




m A'v*u0 Ai««r ,tts«c JBP^ ^uont 
^;>''1>f ^*rr v«fi>Tn f domitBlDi 

K^ ,f\* .i^Pi. :tfyn «. iiiTfHr .natfaenuncai Trans it 
.tv/'.nrr, ;»,^f ^i^ti '.h* rnlwamnj force icta «i \ 
, : /.^:» ^,f I rM^ufV'tX aii«iC ."adiatt^ :rom. ' has 7011XC : jcnce Lofi^ csitEil 
fy^^nrttmrHi €itU itv««r^n^ -fnTizi* ^^ fozther iiuiwii liinL wlusn. Ae 
/r/r/rrf«T(«* r/»f<r^ ^i^n mitoTmly "ivpt ^ wide .xEm, die Hues of guuift 
/«^ '0^n*'u,f% rtr ir>h^Avai mntf be in the liizeeaaiL ffrtJifflr of & 
>fff/ih f>f ^ff »}iA >»r»wttH of rile azea^ <iiid that; if die Grmt jieUi 
,f« ,ft/»f" ;>t*M'*^ th^n oTM^, the dflomea wntiid 111 1 1 ■■ilTv'^ j MnHp? 
ft>f f'f^%T>*f *h\m intfofmit.y of .^yntesn. has been.caiiBiiasiiii?^' alttcunsd, 
\f ff/^ mMiH^/t, by m\)nnM\fM!at ^anloi^icaL chsiges; ami sb waA 
,f|w» ^»/«r r^'m^Tri^i^TM thnt, whatiRTi^ may give die iriffcrnT dicisctiun 
f/» ♦ rr»/>tmt.«in-rwnj^r*, it« snh«wjtiBnt mcTMMg is ever mace a 
fyf ^/*/'trfff*^/J/if4/m, than of wpkewuL 



f^ k(^^\i\% mi<^K pfiRtMfalifwtioiia w inikiaifcary steps towsidi 
Wifs Ay{rtnAntl/rn t4 6nA ryf th« moat in^aitaiit pfoUenos connecled 
vi'WH f hA hJ<if/»f 7 ftf <wif pUn^t, we may now adrert to tiie chazacter 
//f \\\^ mffU'imvd' fifi^ns <n ranges of wiikh the pxecedii^ sTBtems 



(tfh ^^<fr^Al'lf^lf ^^^iiTimH, Under the Brituk §3^1* m mte 
^rM^^/l fti^ }4t/ffhftrfi tir RMa-fihire langCy tiie GiampiaiiSy the 
( 1f^f I«f4, f tr^ ( )tf mMAfi ^ (iiunberhaid mountamsy the Cambxiaii 

S¥/hUht ^h^ O^rf^itAfif und the Hiheniian or Iiiah, all haring 
H //f fH//Nf ft Mrttfli WMt Aful north-east strike, and all belongmg 
fff fli6 ^ft«♦^fN ^rf ffflifmry |(f)ological periods. Their geological 
ftff (1(4Mfh \mu^ \im\\i\is Umw flanked and capped by the cr^^tat 
\\{\h «i(«l<lNf« («MHfl«ffi (rft Utmn (considerable boldness and diyersity 
Hf NMMi^ff I flH«HMh \\\^\f inliKir; elevation prevents that massive 
tt(>H<Ml(HH' HMil H<HM«MhiMMi Mt ofttin displayed by loftier ranges. 
^mi^ uf ftUMt^ H«h in Mu« h(»t^ht of perpetual congdation (abont 
HiW ^lik h(i Om« l*H<aH« uf ihM lUUInh Islands); but in an insular 
ikm •" iHliiH iiu^h MA ^Ual th^y occupy, their cold, heath- 

1^ HUUMum ¥^%^VKs\fm a d«ciiled influence alike on 

^ ^«U( \\^\\\h\ )a*VHlu«tk«s. Ananging them in 
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tabular oider, ¥dth their culminating lieiglits or points of liigliest 
eleyation, they appear as follows : — 



Northern or Boss-shire range, Ben Attow, 

Grampians, Ben Nevis, 

Cheyiots, .... 

Pennine chain, 

Cumbrian or Cumberland range, Scaw Fell, 

Cambrian or Welsh mountains, Snowdon, 

Deyonian range, 

Hibernian mountains, M'Gillicuddy's Reeks, 



4000 feet. 

4368 

2741 

2911 

3166 

3671 

2077 

3410 



60. The Iberian or Hesperian system embraces the Pyrenees, 
Cantabnan Mountains, Mountains of Toledo, Sierra Morena, Sierra 
Nevada, and other associated elevations that give character to the 
rocky table-land and peninsula of Spain. Less ancient than the 
British system, but loftier in their altitude and more extensive in 
their ranges, they exercise a still more decided influence on the 
external condition of their region. Banging chiefly in au east and 
west direction, and upheaving rocks of primary and secondary 
formation, rising, in many parts, above the line of perpetual snow 
(which ascends from 8000 feet in the Pyrenees to 11,000 feet in the 
Sierra Nevada), and being intersected by numerous deep defiles 
and narrow valleys, they create great diversity of scenery, climate, 
and production, and are of themselves the frequent storehouses 
of the minerals and metals. Arranged in tabular form, with their 
culminating points, they are as follows : — 

Pyrenees, Maladetta, 
Cantabrian Mountaips, S. Gredos, . 
Mountains of Toledo, S. Guadalupe, 
Sierra Morena, Aracena, 
Sierra Nevada, Mulhaf en, 

61. The Sardo-Gorsican system, as its name implies, is confined to 
the islands of Sardinia and Corsica, and extends from Cape Jeulada 
in the former, to Cape Corso; in the latter. It is a high, rugged, 
and irregular range, attaining its culminating point in Monte 
Botondo, in Corsica, which rises to the height of 8767 feet — an 
elevation closely bordering on the line of perpetual snow, which 
in that latitude ascends to 9000 feet. In its geological bearings it 
is evidently connected with the Alpine development, and ought, 
properly speaking, to he regarded as a mere outlier of that gigantic 
system. 

62. Under the Alpine system are usually comprehended the 
whole of those extensive and lofty mountains which, from Switzer- 
land as a centre, ramify in ranges more or less persistent, and 
confer on southern Europe one of its most marked and peculiar 



11,168 feet. 


10,552 „ 


5,110 „ 


5,650 „ 


11,687 „ 



r 



74 

tn 
th 
th 

ci 
X\ 
c 



1 .. 




1 * t . .irtuUllAL . 

* ... !•- 'HiH- . I.' mai!. r tti 

1- .r . . a: . ui-'.. I..' nrrtnen* unnt'^ c ut* 

•"**•♦'•... 1*4- I- ifci... I- ii-i\i i^eeij on tliE 
^ "'■"•- Uiut I u: nreflCTit 
••• 't-»-ji ... ju. Ui - «»\t;i sinrt iijo 

■** ' **'* M- nui.. i4;iiiutit' (itaot 

, •»-•», ^^ 

'^^ AAk,^«. ^- » . 

ID 











^'-"^'riTfta 



lUOBs MMTfOaOBilt 



EUBOPEAN SYSTEMS. 77 



Western Alps, Mount PelTOuz, . . 14,108 feet. 

Eastern Alps, Mount Blanc. . . 15,744 „ 

Gallo-Francian, Mount Mollecon, . . 6,588 „ 

Apennines, Mount Etna, . . . 10,874 „ 

Suivic range. Mount &om, . . . 9,000 „ 

Hellenic range, Olympus, . . . 9,749 „ 

Balkan range, Mount Athos, . . 9,628 „ 

Catpathians, Butschetje, . . . 7>528 „ 

<J. The Scandinavian gysteniy as the name implies, embiaces 

. whole of the mountainous highland of Norway and Sweden, 

. extends in a north-eastern direction from the Naze to the North 

^e, a distance of 116() miles. It consists of a series of plateaux, 

iiigh open fields, rather than of a continuous mountain-ridge 

^ !iese elevations narrowing from a breadth of 200 miles in the 

ch to 60 or 40 in the north, and being distinguished as the 

i-daangar or Langef eld in the south, the Dovref eld in the middle, 

1 the Eiolen Mountains in the nor^L Intersected by numerous 

ines and gorges, the range presents a steep face and rugged 

cst-line of fiords and clifGs to the North Sea on the west, and a 

raciform slope to the shores of the Baltic on the east A great 

rtion of the range rises above the limit of perpetual snow (which 

iends from 2400 feet at the North Cape to 6000 feet in the Lange- 

- Id), but beneath this limit the mountain-sides are covered with 
^c^gling forests of birch and pine. Geologically speaking, the 

- -hole system is of primary origin— granitic, crystalline, and silu- 
an rocks composing the mass, which is abundantly traversed 

' — y metalliferous veins of iron, copper, lead, zinc, and antimony. 
' " '^hough the general elevation of tiie irregular table-lands seldom 
-=- xceeds 5000 feet, the culminating points rise to a considerable 
•Ititude; thus — 

Langefeld, Skegstol-tend, . . . 8670 feet. 

Dovref eld, Sneehatten, . 7620 „ 

Eiolen, Sulitelma, .... 6200 „ 

„ North Cape, .... 1161 „ 

cr 64. The Sarmatian system (from the ancient Sarmatia or Poland) 
r ' is meant by geographers to embrace that extensive swell of country 

- "^ which stretches diagonally through Bussia from the plain of Poland 
3^ to the flanks of the Uralian Mountains, and which forms the great 

• watershed of northern Europe, turning the waters of the Vistula. 

. ' Duna, Dwina, and Petchora to the Baltic and White Seas ; ar 

— those of the Volga, Don, and Dnieper to tl\e Caspian and Black Se 
' There are no mountains throughout its extent, the Valdai Hi 

u!>' attaining an elevation of only 1100 feet ; and it is chiefly of gt 
"^ graphical importance as a great and continuous watershed. 
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. snow-line, and thongli the table-land they support is on the whole 
~ bleak and humid, their own slopes are often intersected by valleys 
Z of great beauty and fertility. Closely connected ¥dth them, topo- 
^ graphically as well as geologically, is the Lebanon range, which, 
proceeding transversely from the Taurus, stretches southward 
along the Syrian coast to Mount Hermon, 10,000 feet high, and 
thence through Palestine to the peninsula of Sinai, where Horeb, 
8593 feety and Sinai, 7497 feet, terminate the chain. In the 
■ northern portion of the chain the loftier heights are covered with 
perpetual snow, while the lower slopes are wooded and fertile; 
but in the southern portion, the mountains, though lower, are 
abrupt, rocky, and arid. Also intimately associated with the 
Taurus and Anti-Taurus, and in fact but prolongations of the 
same ranges, are the mountains of Armenia, which trend eastward 
in the Elburz, and southward into the Zugros and hills of Kurdis- 
tan. They form a series of broad-shouldered mountains, with 
lofty intervening valleys, and culminate in the steep-sided, snow- 
covered cone of Ararat, 17,210 feet high. The Elburz range — a 
continuation, as it were, of the Armenian and Taurus mountains — 
skirts the southern shores of the Caspian, where it attains, in the 
slumbering volcano of Demavend, an altitude of 21,000 feet, and 
thence stretches eastward, with less defined elevation, into the 
high grounds of Tartary and the chain of the Hindoo Eoosh. This 
last-mentioned range, the Hindoo Koosh or Hindoo Koh, sepa- 
rates Affghanistan and the Punjaub from Independent Tartary, 
and forms the watershed between the Amoo and the Indus. Its 
maxiTrmm elevation is about 20,000 feet, and, trending eastward in 
broad massive ridges into the Kuen-lun and Himalayas, it may be 
regarded as the conmiencement of the great central system of the 
Asiatic continent Such are the principal members of the Western 
mountain -system of Asia, which are all intimately connected 
with the first plateau stage of that continent. In the main, they 
run in east and west directions, though sending out several 
southern spurs, as the Lebanon, Kurdistan, and Beloochistan 
hills. They are largely of secondary and tertiary age ; and though, 
intersected by minor valleys, they fade away rather into high 
arid table-lands than alternate with river-plains of corresponding 
dimensions — ^those of the Euphrates and Jordan being the only 
alluvial plains of any importance. The following are among the 
highest points of the system : — 

Hindoo Koosh,' 'summit, . . . 20,232 feet. 

Elburz range, lYemayend, . . 21,500 

Armenian mour stains, Ararat, 17)210 

Antd-Taurus, A^sch, . 13,197 
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<(lands^ the latides of France, the dunes of Holland and 
the fern of England, and the swanvpi of Florida, are 
on the increase, and in process of time assume a flat or 
surface. 

there are plains and valleys at considerable elevations, 

rs again scarcely raised above the overflow of the tides, 

.ire several areas of the land-surface depressed even be- 

o general level of the ocean. Laying aside some tracts 

ahara which are said to sink beneath the sea-level, the 

iiarkable of these ascertained depressions are the Aralo- 

basin, and the trough of the Dead Sea. The former of 

.1 which are situated the Caspian and Aral seas, is a 

.1 area of 162,000 square miles in extent, and all con- 

j' below the ocean — ^the surface of the Caspian, the lowest 

of the cavity, being actually 83 feet beneath the level 

Black Sea. The latter, though a mere trough in com- 

with the former, is still more remarkable for its depres- 

he Dead Sea being no less than 1312 feet lower than the 

TTanean, from which it is 50 miles distant, and separated 

mountain-range of the Lebanon. Whatever the origin of 

cavities — ^whether by subsidence of their areas or by up- 

i of barriers that cut them off from the general ocean — ^it 

•^r that were their river-supplies not fully counterbalanced 

'Rporation they would in process of time become filled with 

T*, and their surplus find an outlet by the lowest course to 

*sea. The Aral and Caspian would be discharged into the 

me over the low steppes of the Volga and Don ; while the 

•rs of the Dead Sea would find their way to the Gulf of 

»ba, in the Red Sea, with which, at some former period, it 

' evidently connected by the dry stony valleys or " wadies " thaj 

V Ue between. 



Origin and Charaoteristics of Lowlands. 

^9. As the terrestrial highlands — the mountains and table- 
■nds of the world— owe their origin chiefly to the elevatory forces 
f vulcanicity, so the lowlands — ^the plains, deserts, and valleys — 
'<*pend for their formation mainly on the levelling effects of wat 
4any of the larger plains are but old sea-beds — shoals and bar 
md marine plateaux — ^that have been gradually elevated above 1 
waters ; others are the accumulated silts of shallow seas and baj 
■rhile some, again, have been formed by the slow alluvial incr 
pent of river-deltas. Of the minor plains and valleys, manj 

f 
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basins of the Yang-tse-Kiang and Hoang-Ho, the system at the 
same time diverges, fan-like, into the Yun-ling chain, between Tibet 
and China ; the Nan-ling, between the basins of the Yang-tse-Eiang 
and Canton River; and the conjunct chains of the Ala-shan, 
In-shan, and Kliingan, that trend in a north-easterly coursey and 
form the southern wall of the great Mongolian desert. Altogether, 
the Eastern system is little known to geographers, either as Tegards 
the altitude of its mountain-chains, their physical features, their 
geological structure, or the minerals and metals they contain. 

70. Commencing, in like manner, with the central knot of the 
Bolor, and stretching away in broad, more or less parallel, lines to 
Kamtchatka and Behring Strait, occurs the Hot-them system of 
Asia, flanked by the arid deserts of Tartary and Mongolia on the 
south, and descending by gradual stages to the great plain of 
Siberia on the north. The system embraces the Thian-shan or 
Celestial Mountains, ranging in an easterly direction for nearly 
140(» miles, ascending in greater portion above the line of per- 
petual snow, but comparatively free from glaciers on account of the 
dryness of the air, and exhibiting throughout a number of volcanic 
cones, some of which, like Pe-shan and Ho-tscheou, are stOl active 
at elevations of more than 10,000 feet. In north-easterly continu- 
ation we have next the Altai Mountains, comprising several par- 
allel ridges (the Tang-nu, Ulam-gom, and Dzungari), the Dauiian, 
Yablonoi, and other little known ranges — all rising between 
Siberia and Mongolia, and separating the basin of the Amoor from 
those of the Yenesei and Lena. These closely associated ranges 
are said to have a mean elevation of from 5000 to 8000 feet ; em- 
brace several active and many extinct volcanoes ; rise high in 
numerous points above the snow-line, which is there about 6000 
feet ; and culminate occasionally in peaks of 10,000 and 11,000 feet 
Like other clustering ridges, the Altai and Daurian Mountains 
enclose a number of lakes, which find an outlet by narrow cross 
valleys, and terrace by terrace downwards to the larger rivers of 
Siberia. Still northward and eastward, but ramifying more 
irregularly, occur the Aldau, Stannovoi, and other chains that 
terminate in the volcanic system of Kamtchatka. These ranges 
are for the most part covered with snow (the snow-line sinking to 
4500 and 4000 feet in Eastern Siberia), and contain numerous vol- 
canic cones which, like Schiwelutch, 10,548 feet, and Elieutschew- 
ska, 15,955 feet, are still in active eruption. Indeed, the whole 
system is more or less volcanic — active cones, dom^t craters, hot 
springs, gas-springs, and other kindred phenomeilia, marking the 
broad line of mountainous elevation that extends /from Demavend 
on the Caspian to Klieutschewska in Kamtchatl 



EECAPITOLATIOH. 



,OTE, RECAPITULATORY AND EXPLANATORY. 

lWU preceding chaptere we have endeavoured to present 

'. of &,e superficial features of the land, as composed of 

a Bad table-lands, of plains and valleys, and the relation 

1 to each other in the scheme of Physical Geography. 

1' be the geological law that regulates the successive np- 

jd submergence of large tracts of the earth's crust, we see 

arrangement of the present continents the more violent 

■C the earthquake and volcano in producing abrupt and 

-iious irr^ularities, and the more gradual efforts of air and 

L moulding into uniformity of surface its plains and valleys. 

uT be the nature of the vulcanism actii^ from within, we 

. it exerts itself along certain lines and in definite centres, 

se lines and centres give rise to mountain chains and groups, 

ate again give contour and configuration to the teirestrlal 

In the Old Wtwld, aa already itat^, the main axis of eleva- 

from east to west ; hence tlte greatest length of the conti- 

in this direction, and hence, also, the determination of the 

and river-plains in northerly aiid southerly courses from 

lis. In the New Wcvld, again, the main line of elevation is 

south to north ; hence, also, the corresponding direction of 

continent and the opposite courses of the principal rivers. 

Tith the main continental masses so with the minor spurs and 

'osulas — their direction of greatest length being invariably 

nlated by the direction of their hills. Geology thus becomes 

obvious groundwork of geography ; and on reference to the 

ologicol Map of Europe, for instance, it wiU be seen that al! the 

'Jiitic, trappean, and volcanic outbursts are bnt expressions, in 

ler terms, for the extent and directions of the mountains of that 

ntinent. As the great plains are but the undisturbed portions 

' the continents, they wUl naturally take the same main direc- 

on as the mountain-ranges ; just as the table-lands which are 

pndsed by the monntains will be sitnated among their groups or 

dong their axes. On the other hand, the rivers, obeying the laws 

■)f daicent Erom the opposite sides of theBH mkh, will have thei 

additionul feature.- of diversity ii. tli-' liml 

Monntains and tuble-lauds, pkina and valleys, are thus but 
MOonterparts of each other ; and rugged and inhospitable as 
Ifainer may seem, the latter would be but thirety deserts wei 
■Wfor the clouds and i-aim^, the streams and rivers, that are gen 
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but under the Guinea system are usually embraced the Kong and 
Cameroon Mountains — ^the former rising between the Gulf of Guinea 
and the Niger, and generally averaging from 1200 to 3000 feet 
(Soracte, 1278, and Mount Ramel, 3200 feet) ; and the latter stretch- 
ing eastward and unknown into the centre of the continent, and 
rising in many points to elevations of 4000, 6000, 9000, and even 
13,000 feet. From the Cameroons, southward to Damara Land, 
the seaboard rises in terraces, backed by several ranges, of which 
very little is known ; though the Campleda chain is said to attain 
an elevation of from 12,000 to 14,000 feet ; the Mozamba, from 
8000 to 10,000 feet ; and the Omatako Berg, from 8000 to 9000 
feet. 

74. In Southern Africa the surface is occupied by a series of 
sandstone plateaux, resting on, and intersected by, granitic rocks, 
rather than characterised by a series of well-defined mountain- 
chains — these flats (karoos) rising step by step, from south to 
nortli, at elevations of 2000, 4000, and 6000 feet above the sear 
level. The steps of this ascent consist of rocky walls and flat- 
topped mountains, ranging in an east and west direction, and 
intersected by narrow defiles {kloofs), which form the only means 
of passage from terrace to terrace; and these mountains (hergs) 
may, for the sake of reference, be denominated the Gape system. 
It consists, 1st, of the Zwellendam range, about 20 miles inland 
from the Cape coast, and stretching for nearly 200 miles in length, 
and attaining, in Table Mountain, an elevation of 3816 feet ; 2d, 
the Zwarte or Black range, about 30 nules further north, and 
separated from the Zwellendam by the Kannaland Karoo; and, 
3d, the northern chain, consisting of the Boggeveld, Nieuwveld, 
Winter Mountains, Sneeuwveld, Wittebergen, and other con- 
tiguous ranges, separated from the Zwarte hills by the great Karoo, 
and attaining heights of 4000, 6000, and even 10,000 feet, as in 
the Compass Berg in the Sneeuwveld or Snowy range. 

75. From this point begins what may be termed the Eaxtem 
system, consisting of the Drakenberg or Quotlamba Mountains 
(10,000 feet), the Lupata Mountains (8000 or 10,000 feet), and other 
ranges that hold northward in parallel lines and increasing alti- 
tudes towards the equator, where several of the higher peaks 
(Kenia and Kilmandjaro, 17,000 and 20,000 feet) are said to be 
covered with perpetual snow. From the equator, in the direction ' 
of Abyssinia, would seem to extend high table-lands of 7000 or 
8000 feet, which merge themselves, in all likelihood, into the high- 
lands of upper Ethiopa, and form the great gathering-grounds of 
the Nile. 



TBI WATBE— ITS OCEAKS AND 8BA8. 



Tb^ Arm and Configuration. 

LOl. Ha VINO considered the T&riom conditions of the Land — its 

)a, configuration, highlands, and lowlands — we now turn to 

Ke of the Water, as exhibited in its oceans and seas, their areas, 

pths, composition, tides, cnrtents, and kindred phenomena. 

id here it ma^ be observed of Water, which fonus so import- 

t an element in the constitution of the globe, that, chemically 

eftkiog, it is the protoxide of hydrogen, consisting of two 

lumes of hydrt^^ and one of oxygen, or of eight parts of 

^gea to one of hydrt^n by weight — 88.9 ox}^n and 11.1 

rdn^en. When puie and at ordinary temperature, it ie fluid and 

norphoos, without taete or smell, colonrleee in small quantities, 

at in large masses of a peculiar blidsh-green or blue. The Bpeciflc 

ravity of pure oi distilled water, at 6S° Fahr., is assumed at 1.000, 

od is taken as the standard of gravity for all other bodies ; but 

»-water varies, according to locality and the depth from which 

OH taken, from 1.027 to l.OBfl. When heated to the temperstuiie 

ja° Pahr. at tht level of the sea, and under the onlinruy pres- 

I oi the atmosphere, water boila, and is converted into steam ; 

Lfilis hoilinfj point (as it is termed) becomes less as we ascend 

!n the aea-level. In other worda, as the pressure of the atmo- 

|Ue becomesless, ebullition, or the phenomenon of boiling, takes 

•6 sooner, and this so uniformly that it is taken, like the baro- 

SWjH a measure of ascent or altitude. The effects of boiling 

be (e»level, and boiling at an elevation of 12,000 feet, ore, 

J'¥*W,lwo very different things : what would be cooked by the 

••* neat, might remain unchanged for hours under the influ- 

B at the latter. At 40° Fair, water is at its minimum volume," 

rises above that temperature, till it is wholly con- 

A into vapour, and also, as it falls below it, till at 32° for 
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rated from each other by the narrow cross-valley of the Hudson. In 
length the system is nearly 2000 miles, has an average breadth of 
100 or 130 miles ; and though its mean altitude is only about 2600 
feet, it yet ascends in Mount Washington in New Hampshire to 6652 
feet, in Black Mount between Tennessee and Carolina to 6420 feet, 
and in Mount Katahdin in Maine to 5360 feet. In the northern sec- 
tion of the system, the ridges of the Notre Dame, the Green, White 
and Adironbeck Mountains are more or less irregular and interrupt- 
ed ; but in the southern, the Alleghanies consist of several closely 
parallel chains of great continuity, though frequently cut across by 
ravines and river-courses. Geologically, the system consists chiefly 
of the older or palaeozoic rocks, flanked on both sides by an exten- 
sive development of carboniferous strata ; and its eastern slopes 
comprise some of the finest and most diversified country in the 
American Union. Separated from the preceding system by the 
valley of the St Lawrence, but still trending in the same general 
direction to the northern shores of Labrador, occur the Wotschish 
and Mealy Mountains, which, though seldom exceeding 1400 or 
1600 feet in height, are yet, from their boreal position, for the most 
part covered with perpetual snow. The following are the culmi- 
nating points of this Eastern or Atlantic system : — 



Mount Washin^on, New Hampshire, 
Black Mount, Carolina, 
White Mountains, Massachusetts, . 
Mount Adams, Alleghanies, 
Mount Jefferson, Alleghanies, 
High Peak, Adironbeck Mountains, 
Katahdin, Maine, . 
Notre Dame, Lower Canada, 
Kaatskill, New York, 



6652 feet. 

6420 

6280 

6960 

5860 

5467 

5360 

8768 

8454 



78. Interiorly and beyond these eastern ranges the country is one 
immense plain till we come to the Western or Pacific systeniy 
which, under the familiar name of the Rocky Mountains, stretches 
in several more or less connected ranges form the Isthmus of 
Panama to the shores of the Arctic Ocean. This extensive system, 
which after all is but the northern prolongation of the great back- 
bone of the New World, consists of two main ranges — the Pacific 
or Oceanic, skirting the western seaboard from Cape Lucas in 
California to Cape Elizabeth in Russian America — and the Rocky 
Mountains proper, extending in double and sometimes in treble 
chains from Panama to the Arctic shores. The foimeir of these 
ranges forms the watershed between the Pacific on the west and 
the Colorado, Columbia, and Colville on the east. Though continu- 
ous as one great range, it consists of several members, such as the 
Sierra S. Lucia and Sierra Nevada in California, whose highest 
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'nd comprehenBive. Or, looking upon the waters that 
Muthwwig from the extreme points of Africa, Australia, 
ath America, as one great united maas, the tenu SoaHteni 
will ofteft be found to be convenient, and not inappro- 

T&king the Atlantic Ocean as extending from the arctic to 
ntuctiu circle, its length is upwards of 9000 milea ; ite 
ih Taries from 900 to 4000 miles, being only 900 between 
lyand Qteenland, 1700 between Sierra Leoae and Brazil, 
ilOO between Marocco and Florida ; and its computed area 
jut 2Ci,OD0,00O square miles. This vast expanse is little in- 
jUA. bj islands ; in its northern section it is irregular in 
, and throws several important branches into the land ; but 
re Mmthem its form is regular, and its shores continuous, 
irds the north it is partly enclosed by the rocky coasts of 
jland, Iceland, and Norway; but towards the south it is quite 
and merges broadly into the Antarctic Ocean. The leading 
h& are Baffin and Hudson Bays, the Qulf of St Lawrence, 
■f Fundy, Gulf of Mexico, and the Caribbean Sea, on the west 
Mrican aide ; and on the east or Old World side, the North 
Utic Sea, English Channel, Bay of Biscay, tlie Mediterranean 
nd the Gulf of Guinea. All, or nearly all, of these recesses 
iu tlte northern division of the Atlantic ; hence the greater 
st of this section to the geographer, naturalist, and navigator. 
. Of the minor seas or ramiticationB belonging to the Atlantic 
of which are ice-locked for a considerable portion of the year, 
there encumbered by reefs and shoals), the most important, 
ally and vitally, is ^e Mediterranean, Whose shores formed 
Ay nurseries of civilisation and commerce, and whose waters 
U the highway of conmiunication, not merely between &k 
iontinenta — Europe, Asia, and Africa — ^that encircle its shores, 
itween these and every other portion of the globe, " The 
d and social events which have occurred on the shores of 
markable part of the ocean," says Admiral Smyth, " are 
connected with the history of almost every country in the 
but independently of its classical and historical associa- 
be Mediterranean still confers invaluable advantages upon - 

if the BiuTounding continiinls. It is, moreover, the gw 
t intercourse between the nations of Europe, Asia, a 
llthough it appears as if it had been destined to keep the 
t Beautifully diversified with islands, and bounded I 
■■ery variety of soU, its piuducts are proportionally van 
■ from its communication with the Atlantic, it facilitates) 
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Mount St Heleni, Cascade Range, 

Moimt Hood, Do. 

Mount Jefferson, Do. 

Toluca, v., Mexico, • . 

Agua, v., Guatemala, 

Tsashti, Sierra Nevada, . 

Mount Fairweather, Sea Alps, 

Amilpas, Guatemala, 

Fremont's Peak, Wind River Mountains 

Colima, V., Mexico, 

Atitlan, V., Guatemala, . 

Mount Regnier, Cascade Range, . 

Mount Taylor, Rocky Mountfuns, 

Wrangell's V., Russian America, 

[Referring to the Califomian earthquakes of 1866, Dr Trask (in ' SilU' 
man's Jouraal ' for 1857) remarks, that ** along the coast of Mexico and 
Central America to the south of Califomia, from all the records tiiat are 
obtainable, there appears to have been a much greater exemption from 
those phenomena than has been usual in former years. This seems to 
have been the fact also throughout the Pacific, Oceanic, and most of the 
continental islands along the coast of China; while to the north and north- 
west beyond the 65th parallel, both volcanic and earthquake phenomena 
appear to have been more violent than usual. This has been observable 
for the most part in the neighbourhood of the Aleutian Archipelago, along 
the north-east coast of Japan, and in the British and Russian possessions 
of NoHh America on the Pacific, and islands of the Ochotsk Sea."] 

79. In South America the pre-eminent system is that of the 
Andes, which extends along the Pacific seaboard from Tierra del 
Fuego on the south to the Isthmus of Panama on the north — 
there connecting itself with the onward prolongation of the 
Rocky Mountains. As a mountain-range the Andes form one 
of the most definite and persistent on the globe — skiiting in 
unbroken ridges the entire Pacific shore for nearly 4600 miles in 
length, and varying in breadth from 40 to 350 miles. In some 
places the range consists of a single ridge ; in other places of two 
or more ridges supporting lofty but narrow plateaux; and in 
general it presents a steep slope towards the Pacific, from which 
it is distant from 20 to 80 miles, while towards the east it descends 
by gradual stages into the broad plains of the Orinocco, Amazon, 
and La Plata. According to Himiboldt, the mean elevation of 
the Andes is 11,830 feet, and the extent of surface covered by 
their bases not less than 531,000 square geographical miles. 
Geologically, the system is composed of granites, greenstones, and 
porphyries, flanked by metamorphic schists and palaeozoic strata, 
but exhibits throughout a greater number of active craters than 
any other mountain-chain, and as a consequence is largely crowned 
and covered, especially on its western slopes, by vast accumulations 
of lava, scoriae, and other volcanic products. Thologh presenting 
one continuous axis, the range consists of several numbers known 

/ 
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.upe, Asia, and America, which remarkahlj conform to the 

•Aiel of 72^, and having an area roughly estiniated at 4,000,000 

jie miles. It penetrates northern Europe hy the White Sea 

Sea of Kara, and northern Asia by the Gulf of Obi and a 

-mall inleta, and nortiiward from Iheae ehorea seems inter- 

i;d by compatalively few ishmds. The northern shores of 

I'ica, however, present so many islands and ice-locked inlets, 

' it haa, np to ^ present moment, been impossible to deter- 

■^ whether land or water continoee northward and smrounds 

pole. The Antarctic Ocean, on the other hand, is open on all 

"^ to the Pacific, Atlantic, and Indian Oceans, which thus 

'Tisibly merge themselves into the great Southern Ocean. So 

- as navigators have ventured to approach the southern pole, 

-Inns islands and shores have been observed which would favour 

' idea of a ciiciimpolar continent ; but whether land, sea, or 

ice-bound archipelago occupies the immediate region of the 

'p, is likely long to remain an undetermined problem. Alto- 

'her, the Antarctic is a cold, boisterous, and unapproachable 

i.jin — its ice eitending 10° nearer the equator than that 

the Arctic, and offering few of those inducements that have 

>malated repeated research in the Northern Ocean. 

109; Such are the areas occupied by the waters of the ocean^ 
■eas and subdivisions which are not only necessary to intelli- 
nle description, but which are marked in reality by different 
'□ditions and characteristics in nature. Position on the globe 
:cidea their temperature ; area and configuration determine 
reir tides and currents ; and the sum of these physical condi- 
ons i^ulates the nature and distributiun of their plants and 
junals. Any change, therefore, either in position, area, or con- 
liuration, would be attended by a corresponding change of con- 
iticns, and any such alteration would affect all the. consequences, 
uyrical and vital, that depend on external conditions. As they 
.ikt, the North and South Atlantic, situated under different 
adtudea, enjoy different temperatures ; while the north, by 
irtoe of its greater irregnlarity of form, and numerous ramifica. 
ions into the land, exhibits a much more varied display of vege- 
d^ and luiiual life. The ^me also holds good of the North and ' 
ytn&y Pacific, witli these important modifications, that the Nor 
■ifcijlc, compared with tbe North Atlantic, is almost excluc 
Ifm Aictic influences, while the numerous islauds of the Sot 
4%|£fie OBcaaion conditions, physical and vital, peculiarly its ov, 
iQnlndian Ocean, surrounded on three sides by land, and sit< 
<BCl|forUie moat part, in the torrid zune, presents pecuharitiei 
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I of the Northern ; that the gi«atest saltneBe takes place 
parallels of 22° north and 17° south, or in the courses 
do-winds, which absorb and carry off an excess of eva- 
towarda the equator, where it desceads in freshening 
and that from these limits of maxilnum saltness there 
progressive dintinutioii towards either pole. 

uiiitham heraisphera, aays Captain ilauij, there Is more aaa. 
id than in the aortheni. But tbe fajdrometer indicates that 
n the sea* of the fotraer ie eolter and heavier than the water uf 
latorial ; and man's reasoning faoultiee suggest, in eiplanation 
it this difference of saltnesa, or apeciGc gravity^ is owing to the 
vaporatioQ in the southern half, excess of precipitation in the 
lalf, of our planet. " When water passea, at 212° Kahr,, into 
bsorbs 1000° of heat, which bacocoes insensible to the thermo- 
atent ; and, ceuverselj, when steam is condeoaeil into water, it 

ometer and the senses. Hence steam of 212° Fahr. will, in 
:, beat five and a half times its own weight of water from the 

the boiling point." — M'Citlloch. Now there is in the southern 
:h larger water-surface exposed to the sun ijian there is In the 
lemisphere, and this excess of heat ie emplojed in lifting up 
d readerinff Salter) that broad surface, in transporting it across 

BOOB, and conveying it to eitm-tropical northern latitudes, 
vapour is condensed to replenish our fountains, and where this 
<at is set free to mitigate the severity of northern climates.J 

hough conununicatiag freely (by currents and counter- 
with the ocean, the majority of inland seas are less salt 
ocean, in consequence of the influx of rivers into their 
■ibed ateas; but aome, like the Red Sea, receiving no 
id subjected to active evaporation, have their saltness 
n excess. As a general rule, inland seaa receiving nume- 
re, and from their situation subjected to little evaporation, 
Tesher than the ocean {e.g., the Baltic); while others also 

rivers, but subjected to a more active evaporation [as 
terranean), will have their sattnesa somewhat in excess, 
the saltness of the sea be pretty uniform at great depths, 
le surface, owii^ to the admixture of r^, river, and ice- 
er, it is not quite so salt ; and this freshness will increase, 
s, according to proximity to the mouths of the entering 
It has also been ascertained that water from the surface 

less air than that from depths, and the difference may - 
■e-hundredth of ilic . 1 n.i ■" ■■. il.'r. 
Uiother notii' i' ' ■ : ■ il( water is, that it is 

J if we may mi ■ ■' ■;! Ircsli water — the la 

aaiswellk(wwiL,,it .<J ,«l,il ■ ■ ■i-HiitciManotcouvertedi 
lethermonietcr sinks to SS^'Fahr. It ia likewise less vap 
Sn fresh water — that is, a. given extent of salt-water aurf a 
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elated with the mountam- systems, most of these systems not 
rismg in narrow ridges from low-lying plains, but towering above 
broad elevated regions which seem to be formed and supported 
by their bases. Thus, on turning to the map of Asia, it will be 
seen that all the great rivers flow north, south, east, and west 
from the central region, which consists in reality of a succession 
of lofty terraces or plateaux. First we have the table-land of Iran 
or Persia (including large tracts of Beloochistan, Affghanistan, and 
Bokhara) rising from 2300 to 3500 feet above the sea-level, up- 
wards of 300,000 square miles in area, and presenting throughout 
a riverless, parched, and desolate region; next in altitude, the 
great sandy and rainless desert of Gobi, rising from 4000 to 
6000 feet, and occupying an area of nearly 400,000 square miles ; 
then, rising on either side of this, towards the centre, the plateaux 
of Dzungaria and Upper Tartary, less arid and more varied in 
surface ; and, lastly, the still loftier plateau of Tibet, the highest 
inhabited region in the world, with an elevation of from 11,000 to 
15,000 feet, and an area of 166,000 square miles. Besides these 
great central uplands there are in Asia the lateral and more isolated 
plateaux of the Deccan, rising from 1600 to 2000 feet in Hydera- 
bad, to 4000 feet and upwards in Mysore ; of Arabia, the sandy 
and arid, varying from 3000 to 6000 feet high, and spreading over 
an area of more than 700,000 square miles ; of Armenia, 7000 feet 
high, supported by the Taurus and Anti-Taurus, and extending 
from the Dardanelles to the Caspian ; and, lastly, that of Ust Not, 
between the Caspian aud Aral Seas. With the exception of the 
Deccan and the mountain-platforms of Armenia and Tibet, the 
whole of these table-lands, from Arabia on the west to Gobi or 
Shamo (sand-desert) on the east, belong to one great belt of arid 
and rainless country, sandy and shingly in soil, desert in character, 
and evidently belonging to the same geological age and formation. 
Alluding to the ethnological effects of these long desert ranges of 
high land, it has been remarked by Himiboldt, that " they separate 
the ancient and long-civilised races of Tibet and Hindostan from 
the rude nations of Northern Asia. They have also exerted a mani- 
fold influence on the changing destinies of mankind. They have 
inclined the population southward, impeded the intercourse of 
nations more than the Himalayas or the Snowy Mountains of Siri- 
nagur and Gorka, and placed permanent limits to the progress of 
civilisation and refinement in a northerly direction." 

84. Id. Europe, less elevated and more broken up by seas, we 
have a smaller development of table-lands, and these generally of 
limited area, and in the southern or higher division of the continent. 
The most notable is that of Castile, in Spain, having an elevation 
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of from 2000 to 2300 feet, and traversed by hilly ridges (sierras) 
that give great irregularity and diversity to its surface. There is 
next the less defined upland of Switzerland, from 3000 to 4000 feet 
in elevation ; and, trending north-eastward in the same direction, 
the lower plateaux of Bavaria and Bohemia, the latter having an 
elevation of only 900 or 950 feet above the sea. The so-called 
plateaux of Avergne and of the Scandinavian and Balkhan chains 
may be regarded as mere mountain-flats, too limited in extent to 
possess any physical feature, or to exercise any influence distinct 
from those of their associated ranges. In like manner, what has 
been termed by some geographers " the Carpathian-XJralian pla- 
teau " — ^that flat open region that stretches between the Carpathiaiis 
and Urals — ^may be looked upon merely as the southern belt of the 
great European plain, more elevated, no doubt, than the rest, but 
still exhibiting more of the characters of the plain than of the upland 
or plateau. 

85. Of Africa we have too scanty information as yet to speak 
with certainty respecting the plateaux and mountains that may 
rise within its interior ; but we know that much of the Sahara or 
Great Desert is of a flat elevated nature (from 1500 to 2000 and 
4000 feet), and that inland from the coasts of Congo and Loango 
the country assumes the character of a lofty table-land. There is 
also the plateau of Abyssinia (Amhara or Axum), from 7000 to 8000 
feet above the sea-level, supported and traversed by several cluste^ 
ing mountain -ridges which form the gathering -grounds of the 
Atbara and Blue Nile ; and, lastly, the karoos, or terrace-plains of 
Southern Africa (already noticed in par. 74) rising stage by stage 
towards the interior to an elevation of 2000 feet, carpeted widi 
grass during the rainy season, and parched and barren for the rest 
of the year. 

86. In the New World the great superficial contrast is less between 
mountain and table-land, or plain and elevated upland, than between 
the gigantic mountain barrier that walls the Pacific from one extre- 
mity of the continent to the other, and the low broad plains that 
stretch eastward from its base towards the Atlantic. Nevertheless, 
in South America, the chain of the Andes presents several table- 
flats of vast elevation — ^the most remarkable being that of Bolivia, 
a great table-land 120,000 square miles in extent, rising from 11,000 
to 12,500 feet above the sea, and early the seat of a busy and wealthy 
civilisation. Much also of the interior of Brazil partakes of the 
table-land character, having a mean elevation of 3000 feet, and 
traversed by the sierras (par. 80) that give feature to that fertile 
and tropical country. In North America, from the liossian territoiy 
on the north to Mexico on the south, there occur a seiies of elevated 
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uplands, upborne, as it were, by the parallel ranges of the Rocky 
Mountains. One of the most remarkable of these plateaux is that 
comprising the highlands of Oregon and the saline desert or inland 
basin of Utah, whose elevation is from 4000 to 5000 feet, and the 
waters of which, having no outlet, form a series of salt lakes, one 
of which (Utah) is of considerable extent, and almost saturated with 
salt Desert and inhospitable as this upland tract imdoubtedly is 
(Colonel Fremont found the water covered with ice every night 
during the month of August), it seems destined to be the great 
overlwid highway between the Atlantic and Pacific States of North 
America — ^the ascents on either side being so prolonged and gradual 
as to be accessible, it is reported, even to railway construction. 
The most decided of the American table-lands, however, is that of 
Mexico, not more remarkable for its elevation than for its persistent 




Mexican Table-Land. 



extent " On the eastern and western coasts," says M. Balbi, " are 
low countries, from which, on journeying into the interior, you im- 
mediately begin to ascend, climbing to all appearance a succession 
of lofty mountains. But the whole country is thus in fact raised into 
the air from 4000 to 6000 and 8000 feet The conformation of the 
country has most important moral and physical results ; for while it 
gives to the table-land, on which the population is chiefly concen- 
trated, a mildj temperate, and healthy climate, unknown in the 
burning and deadly tracts of low country into which a day's journey 
may carry the traveller, it also shuts out the former from an easy 
communication with the sea, and thus deprives it of a ready access 
to a market for its agricultural productions." As with the Mexican 
table -land, so in fact with all others of any decided elevation. A 
distant island in the ocean is not more separated from its con- 
tiguous continent, or more strongly marked by its own physical 
peculiarities, thsji a high mountain -walled tract raised several 
thousand fee*; into the atmosphere is characterised by a climate 
and vegetable and animal productions unknown in the regions 
that suiroun^l it 
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NOTE, RECAPITULATORY AND EXPLANATORY. 

In the preceding chapter the attention of the student has been 
directed to the more elevated portions of the land^ as consisting 
of mountains and table-lands. These mountains have been ar- 
ranged by geographers into chains and ranges; and these ranges, 
again, into groups and systems that occupy the same contiguous 
area, and apparently belong to the same series of geological opera- 
tions. The continuity of mountain-chains has been observed from 
the earliest times, and hence the antiquity of the names b; 
which many of them are distinguished ; but their classificatioi 
into groups and systems is of recent date, and liable to correctioi 
and amendment as clearer and more correct views are obtained 
respecting the forces on which their formation and elevation 
depend. There is no doubt that to the vulcanic forces acting in 
lines or axial directions more or less continuous, we owe om 
mountain chains and ranges ; and to a repetition of such ranges 
in directions having some degree of parallelism or connection, we 
give the name of group or system ; but what the law that deter- 
mines the course of vulcanic activity, and regulates its shifting in 
time from area to area, science can do little more than merely 
conjecture. That it is the purely dynamical, depending partly on 
lines of least resistance, partly on the relations of the terraqueou£ 
crust to the internal igneous mass, and partly, it may be, to some 
unknown successional change in the motions of the globe itselfj 
is the most that our present knowledge can suggest — ^a suggestion 
that will require long-continued research and exact calculation to 
carry into the domain of reliable theory. 

But whatever the law, its modes of manifestation have been 
the same throughout all the geological epochs ; and we can trace 
in the structure of the old palaeozoic and mesozoic mountains 
upheavals, accumulations, and disruptions precisely analogous to 
those that characterise the volcanic hills of the present day. The 
lines and centres of activity are changed (see Map of Volcanic 
Action, page 97), and the products of accumulation exhibit a newer 
aspect, but this is all. We see in the vast cincture of vulcanism 
that girdles the shores of the Pacific — the Andes, liiexican, and 
Rocky Mountains on the one side, and the Kamtcliatkan penin- 
sula, Japan, Philippine, and Sunda Isles on the other-^ mountain- 
system in elaboration as vast and continuous as any Wet described 
by geography. And when we cast our eyes over tiae numerous 
centres of activity which stud the bosom of the sanVe ocean, we 
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[■ warmer according to the position tlie; occupy and the 
from whence they proceed. The surface temperature of 
of Mexico, for example, is Beveral degrees warmer (86° 
"■ have been named) than the maio Atlantic under the 
'itnde ; the waters of the Oulf Stream are also Beveral 
■ligher in a lai^ portion of its course than those through 
■t flows ; while the Arctic Current, on the other hand, ia 
■nbly colder. " It may be regarded as a general rule," says 
■uthority, "that the temperature of all inland seas, at great 
representB nearly the mean temperature of the earth in 
itudes where they are situated ; whilst iu the ocean, the 
'iperature at the bottom, in every latitude, is prodnced by 
;il currents setting eternally from the polar regions, and 
maintain the water at an almost constant temperature- 
its maximum density, 39° Fahr." 

£eaides the preceding conditions of saltness, density, depth, 
lupeiatuie, there are also those of colour and lutnirumty, 
: adverted to by navigators and geographers. In emidl 
i.ieB water is generally regarded as colourless, but that of 
an assumes different hues, and this altogether independent 
colours of the sky which may be mirrored on its surface, 
in the open ocean, shallow water is indicated by a green 
1 different dt^rees, while profound depths are characterised 
Indigo blue. Whether this arises from the greater density 
mass, or from some peculiarity of its saline constitution, is 
^t satisfactorily known ; but the fact remains, and " sea- 
waves" and "dark-blue oceans" are something more than 
poetic fancies. Of course, in some localitieB there may be 
ntal or even permanent discolorations, arising from the 
.ice of river-water, from peculiar!^ of bottom, or from the 
\e of countleaa myriEids of vef^i^table and animal orgiinisms ; 
" B application of such terms as Red, Black, White^ VeUow, 
nd Vermilion to certain aeaa and areas of the ocean. In 
L howeTer, the ocean water is clear and limpid, and, under 
le circujrietancps, objects are reported to have been seen 
depth of 300 and 400 feet, or about half the distajuje to ^ 
'a tiie sun's light is supposed to penetrate into the abyss t^ 



__ JL The phenomenon of luminosity or phosphor 
I 91, perhaps, and seems to depend iu a great degree on locali 
" O of the year, and state of the weather. Luminous aninL 
-XdA creaturea of various kinda appear to be the proximai 
jiof the phenomenon, which becomes more apparent in stili 
nights, anil where the surface of the water ia disturbed by 
"jtaie of on oar, or the friction of a passing keeL ^ 
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NOTE, EECAPITULATOBT AND EXFLANATOBY. 

In the preceding chapter attention has been directed to the 
main natural divisions of the ocean ; and to the compotdtion, den- 
sity, depth, temperature, colour, luminosity, and other physical 
characteristics of their waters. The divisions of the ocean into 
Pacific, Atlantic, Indian, Arctic, and Antarctic areas, are sufficient 
for the ordinary purposes of description ; and the nomenclature of 
their various ramifications after some discoverer, position, adjacent 
country, colour, or other peculiarity, has been long established in 
general geography. Their further subdivision into zones^ belis, 
regions, and the like, comes under the consideration of Climat- 
ology rather than of Hydrography ; and the technicalities (bays, 
gulfs, straits, creeks, &c.) by which their minor sections are dis- 
tinguished, have been already noticed in par. 42. Their dimen- 
sions are matters merely of measurement and calculation ; their 
composition, depth, temperature, and the like^ are subjects for 
experiment and observation. 

Occupying different positions on the earth's surface, and having 
different configurations, the oceans and seas, properly so called, 
are necessarily characterised by different physical and vital con- 
ditions. The Pacific, almost shut out from the influences of the 
Arctic Ocean, is in a different condition from the Atlantic, which 
communicates freely with the north ; while the Indian Ocean, 
encircled on three sides by land, and lying largely in the torrid 
zone, presents external conditions differing widely &om either. 
All three open broadly to the great Southern Ocean, &om which 
they receive the primary impulse of their tides and currents ; but 
while the Indian and Atlantic are deep and free, the Pacific is 
largely obstructed by reefs and islands. It should also be borne 
in mind that the main oceans, like the great continents, lie meri- 
dionally, or at right angles to the equator, and are thus prevented, 
by the intervention of the land, from receiving in their winds, 
tides, and currents, the normal effect of the earth's daily rotation. 

Though differing slightly in different areas, the composition of 
sea-water is, on the whole, very equable, and 3J per cent of saline 
ingredients may be set down as the general average. Along the 
courses of the trade- winds, in circumscribed seas, and other simi- 
lar areas subjected to active evaporation, this percentage may be 
slightly increased ; while in others it may be corre^spondingly de- 
creased by periodical rainfalls, by the melting of polar ice, or by 
the influx of large and rapid rivers. The average jdensity of sea- 
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water, as compared with pure water at 62° Fahr., is 1.0275 ; and 
this density, corresponding as it does with an average saltness of 
3^ per cent, will decrease where the water is fresher and increase 
where it becomes Salter than the general average. This saltness 
and density renders the ocean less vaporisable than fresh water, 
and also keeps it longer from freezing — the freezing point of fresh 
water being 32° Fahr., while that of sea-water is 28J°. This 
composition is all-essential to the wants of its plants and animals ; 
and though the rivers are incessantly, carrying in fresh accessions 
of saline matter, the eqidlibrimn is ever maintained by these 
wants as well as by the chemical interchanges that take place 
among its sediments. 

The average depth of the ocean is estimated at 4 miles, and 
reliable soundings have been taken at nearly 5 miles ; but, as a 
large portion is much under the general average, it is highly 
probable that some of its recesses may sink to the depth of 8 or 
10 miles. So far as we know, the ocean-bed has its deeps and 
shoals, its pits and precipices, its troughs and ridges, very much 
like the surface of the dry land. In fact, it is but the submerged 
BurEace of former lands ; and no better conception can be formed 
of its irregularities than by standing on some lofty mountain, and 
supposing the hills and vaUeys, the glens and gorges, the plains 
and plateaux that lie beneath, to be covered with water. A know- 
ledge of these depths — or rather of the shoals and irregularities of 
the ocean-bed — is of vast importance in geography, at the same 
time that it is all-essential to navigation. The safety of the com- 
merce of the civilised world depends upon correct chartography ; 
these deeps and shallows determine the direction of currents, and 
inset and velocity of tides ; and marine life is visibly regulated 
both in its dispersion and numerical amount by depth and mineral 
conditions of searbottom. 

The surface temperature of the ocean varies of course with the 
latitude, being highest at the equator, and gradually decreasing 
towards either pole. In the torrid zone temperatures varying 
fifom 78** to 88° have been noted, and from these maxima it declines, 
stage by stage, to the perpetual ice of the polar regions. The 
iDiean t^perature has been ascertained to be 39^° Fahr., or nearly 
that of water at its maximum density ; and between the 56th and 
57th parallels (S. lat.) this temperature has been found to be uni- 
fbnn fiom the surface to the greatest depths. Towards the poles, 
however, the surface becomes colder, and the mean of 39i^° in the 
70ai parallel, is not found till at the depth of 750 fathoms ; while 
towa;^ the elquator the surface grows warmer, and the mean of 
39^"* is not xeajched till at the depth of 1200 fathoms. 
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which ihey traTcL Thus it has been 

17 that a. wave 100 feet in breadth 

I travels at the rate of about 15 mileg 

I oad and in water 1000 feet deep, at the 

another, 10,000 feet in breadth and in 

■ ill sweep forward with a velocity of not 

lour. This relation between the breadth 

f prt^reas, and the depth of the water in 

li uu embodied by Mr Airy in the foUowii^ 



Sr«dik^tkeWa^i^T^ \ 


iM 1 1000 ( 10,000 1 100,000 1 1,000,000 


10,000.000 1 


.op™U»,Frf«it»(/IPo«p*rS«>»dinJ'B<. | 


. 5.MT 


fc«Tl 

li 


le&BSO 
SM.MO 
220.300 


6,ffri 
iT».ai» 

MS. 900 


1T.»S* 

ITO.SIO 
WKLTSO 


6-ni 

i79.sao 
jibs! 300 



ce with which a wave strikes agunst any opposing 

.d, in like manner, npon its bulk and velocity ; and 

iiuge waves this impact is enormous. From experi- 

dt lighthouses and hreakwateis, their effective pies- 

,1 estimated as high as 6000 lb. per square foot : and 

y to observe the breaches occasionally made in sea- 

the distance to which blocks of stone, several tons in 

-ve been hurled forward, to be convinced of their great 

; power. Of couTse the force with which a wave simply 

not to be altogether estimated by its propulsive power, 

ADces anbniei^ed in water lose a certain portion of their 

vhich greatly facilitates their displacement and transport. 



Tidea — thsir Origin end luBoeDoe. 

le next, and perhaps the mijst important and persistent 

movements, is that of the Tides — a temi applied 
ic rising and falling of the water?, occasioned chie 
sction of the moon, but jiartly also by that of the s 
je to the univetsal law thivt " every particle in nati 
ary other particle with a. force inversely as the squa 
JMJe," the earth is attracted by the sun and moon, bn 
5 latter, in proportion to its greater proximity. Land 
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the Bun, exerting a eiiutiltaneouB atttactioa either along with or 
againat that of the moon, creates an alternate maximum and mini- ' 
mum of flow. Thus, when the sun is at S and S' his attraction is 
comhined witlt that of the moon, and a higher tide is the reaulL 
When at S the darkened side of the moon will neceasarilv he to- 
wards the earth, and it is new moon j and when at S' the illumi- 
nated face of the moon will he towards the earth, and it is fuU 
moon ; bo that the higher or spring-tide* take plaee alternately at 
new and full moon. On the other hand, when the moon is 90° 
from the sun'a place (that Ib, when she is in her first and last 
quarterB, or half moon), his attraction, being exerted at right 
angles, counteractB that of the moon, and the result is the lower 
or neap-tides — the proportion of spring to neap being as 138 to 
62, or nearly as 7 to 3. The height and time of the tides thus Taiy 
with the moon's age ; and this being known, their recurrence and 
culmination at any given spot can he calculated with the greatest 
exactitude. The greatest tides occur, of course, when the lumi- 
naries are nearest and pass most vertically to the place of observa- 
tion ; and as each tide has only about six hours te fioa- and about 
six houis to d6&, the highest must neceBsarily be the mniftegt, and 
the lowest the Uowett. 

130. Such, in general terms, is the theory of the tides ; and had 
the surface of the globe been entirely covered with water, the 
tidal wave would have been regular and continuous from meri- 
dian to meridian, and, as a consequence, highest in the region of 
the equator, and gradually falling away towards either pole. 
But the continuity of the ocean bei^ig interrupted by land, and 
this land lying in a great measure meridionally, as well as being 
irregular in outline, and consisting in many ports of islands, the 
course of the tidal flow is obstructed, and deflected into various 
courses. Under the present arrangement of sea and laud, these 
courses are, however, sufficiently persistent ; and thus their di- 
lections, times, velocities, and heights, can be determined with 
accuracy for the purposes of navigation. The Southern Ocean, 
encircling the globe, and beii^ comparatively uninterrupted by 
land, may be regarded as the area in which the tidal wave re- 
ceives its great primary impulse. It is thence carried forward, ^>. 
deflecting itself northwaid. into the Indian, Atlantic, and Fac'< 
~ ms, where, uniting with the nitiKu- liift-niivi^s -■■i.erLilei? 
B expanses, it Hown, risfs, and siibili villi's, aciniiliii 
e of the coasts, the depth of Wiitur, and the obili- 
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't there is still groat regularity in the bi-diiimal flow and el 
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of the tides; and bj noting the times at which the same high- 
water reaches different ports of the coast, a aeries of linee connect- 
ing these points may be laid down so as to indicate the course of 
the tidal wave with great pTecision. Soch a series of lines ai« 
termed eo-tidal livei, or lines of simultaneous tide, and mark the 
progress of the summit of high- water from its origin in the South- 
em. Ocean to ita remotest ramifications in northern waters. We 
Bay northern waters, for though the primary and normal direction 
of the tidal wave is firom east to west, in obedience to the appa* 
rent course of the sun and moon, yet, on entering the troughs of the 
Indian and Atlantic Oceans, it is compelled to assume a northerly 
course in accordance with the configuration of these seas. Thus 
the new or full moon high-water that passes Van Diemen's Land 
every morning at twelve, takes twelve hours to reach Ceylon, and 
thirteen to reach the Cape of Good Hope ; in another twelve hours 
it has passed up the Atlantic, and arrived at Newfoimdland ; at 
the end of the third twelve it has rounded the north of Scot- 
land, and is opposite to Aberdeen ; at the fourth twelve, or at mid- 
night of the second day, it is opposite the mouth of the Thames ; and 
it is " not till the morning of the third day that this wave fills the 
channel of the Thames, and wafts the merchandise of the world to 
the quays of the port of London." (Sec Map of Go4idal Lina.) 

132. The tides, we have said, may be regarded as taking their 
rise in the uninterrupted expanse of the Southern Ocean. As the 
ware proceeds westward, it is deflected northward broadly into the 
Indian Ocean, rapidly and deeply into the larger channel of the 
Atlantic, and slowly and feebly into tlie Pacific, where its conrse 
is obstructed by numerous islands and coral-reefs. The velocity 
of the tidal wave depends primarily on the conformation and 
depth of the ocean — proceeding with the greatest rapidity where 
the ocean is freest and deepest. As the co-tidal lines are laid 
down at hourly distances, they afford a pretty correct estimate of 
the tidal velocity — the wider the lines (that is, the greater the dis- 
tance travelled over in one hour) the greater the speed, and the 
closer the lines the slower the rate of pn^resa In the free depths 
of the Southern Ocean this velocity may equal 1000 miles per 
bom, while inieatrictedeeofs like theNorthSeatherateisflcarcelv — 
a twentieth of that amount. As the tidal wave differs from a W"' 
wave in not being a mure undulation, liut a wave of transla 
its hdght in any sea will depend mainly on the ooufiguratii 
the shore, the form of bottom, and the direction in which 
propelled. In the open expanse of the Southern Ocean the t 
wave rarely exceeds five or six feet, and in the Indian and Atli 
tic Oceans perhaps eight or ten ; but in bays and gulfs openii. 



WirSB; — era iMHASH JJD tKTKJ 






-rmmi^ ^vi.j» ai jh it *»l feet in besidH- ___j,^ 

-...:. .«», ;».n..nu.[« m - ■.--j^^aTJiiCtei. dlK wave. jdH «B«?=^ 

r.-rrt^ . „„^ ..KuiirwiU .t«.ir..r. tenm«i ^ -Sure. -hi* w"^ 

■iwT r.t;i -nullum inii i— rr-i. tnm. imp ntmiaEg- S*™*^^^ 

"I""*' ""* "" -ii-. TH„-tt-<aiw, wiuuh. ai« -ami M eJMd «™f ^ 

'''"■, ^--S-iv ai ami 15 re«t imih. of Llie GaHame 10 -d L. 
P:.^.„, . ■^'■'■■'^ ■> 6*r. ciw Amazi.o. Ui ami L3 feet, «« *°^ 
■i^i " . ' '"**" ■^^'"ai'.- nurrnwju; BtciuinL-a ars eipaeed to ^ «* 
^7" "--"-ncH .(■ die n,ui inve. i)u. Che atlua: h»iid,>^»^ 
ni,« .'„, "^■"''' ■*''"* ip-Jua^ ire ourrTiw. anil Ua tiansvteiij^^ 
*■; i.-~,«I!^ '*' ''"* '^"^ ■»»'« •" "^ Mwiiiettanean «■! "^7 
11^ ■^'MmlT-.''"''*' ■"■ ^ "-•*^- ^'^ ^ "-^^ "^ nOtlB". >'<* ?^ 

v^'o^^'V'""^'"-- '"■ ""-"^ "•" = ^i ^"^ ^ "^ ^!!?'"^ 

li-lai«r' ■' ""^^^ **• i^ hJL^ <nar be CMMdatri « 

pen:fcpti"t,U ai k '"^ wtml-wnB, wtijee gml tilatww g are m- 

tttrb [r,>a, ^ - '^P'^ ■«■ HJ-.M oc law lert, and anahle » ^ 
mnion of il,-'?^'*^ ''" smailrtC grain ut' aami, the jKOgreaw" 
the »Bri»ce .W* . "^ "^^"^ ^ ^''^ "'^ °* ""^^ *°° 
"' "»* *il"i-ira«r '^ OTtM^t depda. The mechanical rf«« 
hattering, wewiJ *^ ^^' ''"'''^' ^""^ "^ shuwJine in thai 
other hkod, ^tl^^' abraiiirm attii^n ; th« ti<ie-w»»t»» <" ** 
aw ever tnad^^,, "tnenia, whi^h, in their ebb and to*, 

of the ocean. T^" ^"*''^'^^' "^ re-^Borting tie seduntaits 
riTen and rendeiB ^■^*^*"e merelT breaks npcai the b«s trf 
its influx, fiUg the ""^ "»"?a:iMi dai^renxB ; the t»d*i ware, br 
it8 efflnx, icoow out jIT^''"'^^ "^ itQders it i».%aW«^ and >? 
general reaerroir of iiP'^''^' "°'^ eame:* them ft»^aid into the 
and the tnatace of 0,e '^'^ '^* wind-wave may be BtSkd, 
driven from one coaat %^^'' ** ** sniooih ^ a miiTDr; while it i» 
one direction may connt-if '""^^ "" *'"*'''^ i ■»■ ***^ *•▼« ^"^ 
flow of the tddal w^yg r***^ that fiom another: but the ebb and 
tiOD, time, heijjht, veW-^^^"'"' '^ inoesaant, and in its diree- 
^-hil'-- 5>-4 wurtfc,! , ■ ' ™'l power 

'-- -ii uniUatiuU;,! j. 



CURRENTS ^THEIR CAUSES AND FUNCTIONS. 137 



Currents— their Causes and Functions. 

•134^ TVe now proceed to what are termed the Currents of the 
^jeskXL — -xaovements which, like great rivers, are ever tranBferring 
le M^aters from one region to another. They form, in fact, the 
ircixlatory medium by which the ocean is maintained in a state 
f equilibrium, and depend primarily upon the unequal tempera- 
ores and densities of different zones of the ocean and the un- 
^wai evaporation sustained by these zones ; and secondarily upon 
;he rotation of the earth, which modifies the directions imparted 
^y tKeae primary causes. Wherever we have waters of different 
temperatures, or, what is the same thing, of different densities, 
fchere the lighter will ascend and the heavier descend ; and wher- 
ever a deficiency takes place through evaporation, there the waters 
will flow in from the adjacent parts to make up the deficiency. But 
^ffereiice of density may also arise from different degrees of salt- 
ness, and wherever the Salter water subsides and flows off as an 
Tinder-current to some fresher region, there at the same time will 
the fresher and lighter flow in from above to restore the equili- 
brium. Understanding these facts, and bearing in mind that the 
continuity of the ocean is interrupted by continents and islands, 
reefs and shoals, and further disturbed by winds and tides, it will 
readily be seen why its currents should assume different charac- 
ters and courses. In fact, the currents and counter-currents of the 
ocean are extremely complicated; and though the courses and 
causes of some of the main streams are intelligible enough, there 
remains very much to be done in this department of Hydro- 
graphy. 

[On the equilibrium or equalisation of the waters of the ocean in tem- 
perature, density, saltness, &c., it has been appropriately remarked by 
Captain Maury, that '* water, while its capacities for heat are scarcely ex- 
ceeded by those of any other substance, is one of the most complete of non- 
conductors. Heat does not permeate water as it does iron, for instance, 
or other good conductors. Heat the top of an iron plate, and the bottom 
becomes warm ; but heat the top of a sheet of water, as in a pool or basin, 
and that at the bottom remains cool. The heat passes through iron by 

conduction, but to get through water it requires to be conveyed by a ' 

motion, which in fluids we call currents. Therefore the study of the cl? 

mates of the sea involves a knowledge of its currents, both cold and war 

They are the channels through whicm the harmonies of old ocean are ] 

served. Hence, in studying the system of oceanic circulation, we set 

^ith the very simple assumption — thai from wluUever part of the ocea\ J 

current ii found to run, to the same part a current of eqwU volume is hot ^ 

to return; for upon this principle is hosed the whole system <^ currents a 

counter-currents of the air as well a^ of the water,**] 

135. It is usual to arrange the ascertained currents into con* 
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stantf periodical, and variable — ^the constant being those arising 
from the combined influences of unequal temperatures and densi- 
ties in the waters of the ocean, the rotation of the earth, and the 
trade- winds ; the periodical by the tides, the monsoons, and the 
sea and land breezes in tropical countries ; and the variable, such 
as may be produced by local peculiarities in the tides and winds, 
the melting of ice in polar regions, and other similar causes. It 
is also customary to speak of drift cu7Tent8 and deep-^ea currents 
— the former due to the long-continued agency of the wind, and 
only affecting the waters to a trifling depth, the latter arising 
from the great primaiy causes of temperature and density above 
alluded to, and extending their influence hundreds of fathoms 
beneath the surface. In like manner, it may be useful to note 
the distinction between a marine, or upper current, and a sub- 
marine, or under-current ; between a current flowing one way, 
and a counter-current coming from an opposite direction; and 
between the mode of naming winds and water-currents — ^the for- 
mer being named after the direction from, which they blow, as a 
" west wind" (that is, one blowing from the west), and the latter 
after the direction to which they are flowing, as an " easterly cur- 
rent," that is, one flowing towards the east. 

136. The constant and deep-sea currents being the more impor- 
tant, it is to these that we would mainly, and in the first place, direct 
attention. As already mentioned, the heat of the torrid zone, by 
warming the equatorial waters, renders them lighter, and occasioiu 
a greater evaporation there than in any other region ; and as a con- 
sequence, the waters of the polar regions, being heavier, set in as 
an under-current towards the equator to restore the equilibrimn. 
It must be noted, however, that the Atlantic and Pacific being 
land-locked, as it were, to the north, the principal exchange of 
cold and warm water takes place towards the Antarctic Ocean, into 
which both merge widely and without interruption. Here then 
we have two great primary currents setting in from north and 
south respectively ; but as they proceed towards the equator they 
come stage by stage into latitudes where the eartVs circumference 
rotates with greater velocity, and as they cannot at once partal^e 
of this increased momentum, they fall behind, as it were, and 
gradually assume a westerly course, in which their velocity is aug- 
mented by the influence of the trade-winds. Thc^ become, in 
fact, a combined equatorial current, where, growinjg warmer and 
warmer, they ascend to the surface, and are partly ^mporated and 
partly flow over in warmer and lighter surface-onixents noriih- 
wards and southwards to either pole, again to becNme colder and 
again to find their way to the equator in inc( ^mt eiiculatiim. 

i 
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From these four primary flows — ^the two from the poles towards 
the equator, and the two from the equator towards the poles — 
arises the great circulatory system of the ocean, which is modified 
and broken up into a number of minor currents by configuration 
of coast, form of bottom, unequal reception of heat by different 
areas, the influx of rivers, and other kindred causes. These various 
currents, having different directions, volumes, velocities, and tem- 
peratures, will be better understood, perhaps, by being arranged 
under the three great oceans — ^Atlantic, Indian, and Pacific— in 
which they respectively occur. 

137. The principal and better-known currents of the Atlantic 
are the Equatorial, the Guiana, the Brazil, the Gulf Stream, the 
Guinea, and the Arctic. Besides these there are some minor 
drifts and branches, the courses of which will be better under- 
stood by reference to the Map (p. 140) than by any amount of 
description. The Hqtuxtotial, as the name implies, manifests 
itself chiefly in the region of the equator, and flows across the 
ocean from the African towards the American continent. When 
more than half-way across it shows a tendency to bifurcate 
into a north-west branch and a south-west branch, and this ten- 
dency increases till within 300 or 400 miles of Cape St Roque, 
wken it fairly divides — sending one main stream northwards by 
the coasts of Guiana into the Caribbean Sea ; and another, some- 
wliat feebler, southwards along the shores of Brazil. The length 
of the Equatorial Current, from the coasts of Africa to the Carib- 
bean Sea, is about 4000 miles ; its breadth at its commencement 
160, and where it divides 450 miles ; its velocity is from 20 to 
60 miles a-day ; and its average temperature about 75° Fahr., 
or from 4° to 6® under that of the ocean through which it 
flows. Its southern, or Brazil branch, flows at a distance of 
about 250 miles from the coast (the intermediate space being 
occupied by variable currents), and at the rate of 25 miles per 
day; a rate, however, that is sensibly diminished by the cross 
stream from the Plata, and which gradually declines till the 
current ultimately dies away in the Strait of MageUan. The 
north-west branch of the Equatorial, spreading out as it proceeds 
and gradually diminishing in speed, vdtimately merges into the 
drift of tiie north-east trade-winds; while the Guiana section 
proceeds unimpeded to make the circuit of the Caribbean Sea and 
the Gulf of Mexico. 

138. As they make the circuit of the Caribbean Sea and the 
Gulf of Mexico, these western branches of the Equatorial Current 
acquire more heat, a greater degree of saltness, and that intense 
blue colour so characteristic of briny waters. With these new ac- 
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quisitions they leave the Mexican Gulf, and, pressing through the 
narrow channel of Florida, become the celebrated Gulf Stream — 
of all the Atlantic currents the most wonderful in its character 
and the most important in its results. Doubling the Cape of 
Florida, this Gulf Stream (that is, stream from the Gulf of Mexico) 
flows north-east in a line almost parallel to the American coast ; 
touches the southern borders of the banks of Newfoundland ; and 
thence, with increasing width and diffusion, proceeds across the 
Atlantic, till, in the region of the Azores, it spreads out into two 
great branches— one curving southwards towards the equator, and 
the other flowing northwards, impinging in its course against the 
western coasts of Europe, and ultimately losing itself in the waters 
of the Arctic Ocean. The length of this great ocean-river from its 
commencement to the Azores is 3000 miles, and its greatest breadth 
about 120 miles. When it leaves the Strait of Florida its velocity 
is about 4 miles an hour ; off Cape Hatteras, in North Carolina, 
it is reduced to 3 miles ; on the Newfoundland banks it is further 
reduced to 1^ miles ; and this gradual abatement of force con- 
tinues with its diffusion across the Atlantic. A similar decrease 
takes place in its temperature, the maximum of which in the 
Strait of Florida is 86®, or 9® above that of the ocean in the same 
latitude. Off Newfoundland, in winter, it is said to be from 25° to 
30° above the water through which it flows ; in mid-ocean, from 
8° to 10° ; nor is the heat wholly lost when it impinges against 
the shores of western Europe. The Gulf Stream is thus, in reality, 
a great thermal ocean-river, incessantly flowing from warmer to 
colder regions, diffusing warmth aud moisture along its course, and 
tempering the climates of countries that lie within its influence. 
Compressed, as it were, at its commencement between two areas 
of colder water, its deep-blue warm current rises in convexity 
above the surrounding ocean ; but as it proceeds it cools, becomes 
diffused, assimies the ordinary level, and partakes of the greener 
hue of northern waters. It sets a limit to the southward flow and 
chilling influences of the Arctic iceberg, that melts away in its 
warm stream, and becomes at the same time the great natural 
barrier between the Life of the Northern and Southern Atlantic. 

139. The Equatorial Current, flowing westward from Africa to 
the Gulf of Mexico, and the Gulf Stream, flowing from that gulf 
eastward to the Azores, and thence curving southwards, produce a 
great whirl, as it were, in the Atlantic, in the centre of which 
there lA the still water of the Sargasso, or Graxsy Sea, This 
area, so called from the vast accumulation of the Sargassum 
bacciferum and other floating sea-weeds, swarms with a Life, 
vegetable and animal, peculiarly its own, and presents one of the 
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most remarkable features in the geography of the Atlantic. — 
Following the southward flow from the Azores, and the south- 
easterly flow from the south coast of Ireland, against which a 
minor current {ReimeVs) from the Bay of Biscay impinges and 
recoils, there arises a new and increased stream, which holds on- 
wards to the African continent Of this current, the eastern por- 
tion sets in through the Strait of Gibraltar to the Mediterranean, 
while the western trends southward, and becomes the North- 
African and Guinea Current, This stream, from 150 to 180 
miles broad, hugs closely the coast, and for a long part of its course 
flows in contact with, but counter to, the Equatorial Current, with 
whose waters it is supposed ultimately to mingle in the South 
Atlantic. 

140. The next and last great current of the Atlantic to which 
our limits will permit us to advert, is the Arctic, or main cold- 
water stream from the north. Setting strongly down the eastern 
coast of Greenland, it partly doubles Cape Farewell, where, aug- 
mented by the Davis Strait Current, it holds southward to New- 
foundland. Arriving at Newfoundland, it sends a branch through 
the Strait of Belle Isle to the St Lawrence, while the main portion 
continues its course till it meets the Gulf Stream. Here it divides, 
one portion flowing southward to the Caribbean Sea, which it 
enters as an under-current ; the other, flowing south-west, fonna 
the United States Counter-Current. " The Arctic Current thus 
replaces the warm water sent through the Gulf Stream, and 
modifies the climate of Central America and the Gulf of Mexico, 
which, but for this beautiful and benign system of aqueous ci^ 
culation, would be one of the hottest and most pestilential in the 
world." 

141. In the more limited and land-locked area of the Indian 
Ocean, the constant currents are few, and the periodical numeions 
and important. The UqnatoricU is less defined than in the 
Atlantic, and consists of a westward tendency of the tropical 
waters towards the coasts of Africa, where, divided by the laige 
island of Madagascar, one branch sets down with considerable 
force, and forms the Mozambique Current ; while another, broader 
but feebler, trends southward, again to be united with that from 
the Mozambique Channel. The combined stream, now from 90 
to 100 miles broad, with a temperature 7° or 8° above that of 
the ocean, and 'with a velocity of 60 or 80 miles arday, sets in 
towards the Cape of Good Hope, and constitutes the AgtUhoi or 
Cape Current. Of this current, one main branch, doubling the 
Cape, flows northward into the Atlantic as far as St Helena; 
where, meeting the Guinea Current, it is deflected westward, 
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and merges into the Equatorial of that ocean ; whereas another 
portion, obstructed by the Agulhas bank, is turned back, and, 
combining with the connecting flow from the Southern Ocean, 
constitutes the important Counter-Current of the Indian Ocean. 
We say "important" counter-current, for it flows along the 
direct route to Australia, and with a velocity (after leaving the 
Agulhas bank) of nearly 50 miles a-day — a motion which, though 
gradually declining, is still sensibly felt at more than midway 
between the Cape and Tasmania. North of the equator, the 
currents and surface-drifts of the Indian Ocean are regulated by 
the monsoons, and vary, of course, with the seasons ; while in the 
Red Sea, Arabian Sea, Persian Gulf, and Bay of Bengal, they 
set in and out with the local winds, and often change in a very 
complicated and capricious manner. 

142. The currents of the Pacific are coextensive with its greater 
area, but are less decided in their courses in consequence of the 
numerous obstructions presented by its reefs and islands. They 
are altogether less known than those of the Atlantic and Indian 
Oceans, and their investigation is greatly complicated by the fre- 
quency of counter-currents, surface-drifts, and local gyrations. 
Being all but excluded from the Arctic Ocean, it is to the great 
interchange between the cold waters of the Antarctic and the 
warmer waters of the equator that we must look for the primary 
impulse of its currents. Beginning with the Antarctic, to w^hich 
it opens broadly, we have first the Drift Current of that ocean 
setting in towards the north -north -east, then north-east, and 
lastly towards the east-north-east till it nears the coast of Chili, 
where it divides — ^sending one branch south along the coast to 
fomi the Cape Horn Current, and another northwards to form 
^^ Peruvian Current, so remarkable for its cold stream along 
a coast of torrid temperature. This Peruvian, Chili, or " Hum- 
boldt's Current " (as it is sometimes called, after its'first investi- 
gator), has a temperature along more than 400 miles of its course 
12° or 14° below that of the surrounding atmosphere, and 8° or 
10° below that of the ocean through which it flows. As it holds 
on to the north it gradually becomes warmer and inclines to 
the west, till in 20° south latitude it turns fairly to the west- 
ward and merges into the great Equatorial Current of the 
Pacific. This vast current, occupying the entire torrid zone, and 
aided in its westerly flow by the trade-winds and the tidal wave, 
sweeps boldly across from South America on the one hand to the 
Indifui Archipelago on the other. As it proceeds, it sends off a 
few minor streams to the north and south, which become counter- 
currentSj but the main mass holds onward to the Indian Islands, 
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revolution, and her position as regards the sun, there are two 
spring-tides and two neap-tides armonth. The moon heing the 
nearer luminary, her attraction or tide-wave compared with that 
of the sun is as 100 to 38 ; and from this cause also the differ- 
ence hetween spring-tide and neap-tide in any locality is as 7 
to 3. Had our planet been covered by a uniform sheet of water, 
the flow of the great tidal wave would have proceeded with un- 
varying regularity in time, height, and velocity all round the 
globe ; but owing to the interruption and conformation of the 
continents, the varying depths of sea, and similar irregularities, 
it differs in different areas ; and yet in each of these areas its rise 
and fall are as unvarying as the rotation of the earth or the revolu- 
tion of her satellite. 

The currents of the ocean depend chiefly upon the unequal 
temperatures and densities of its different regions — the colder 
and warmer, the denser and lighter, the Salter and fresher, in- 
cessantly tending to interchange and equilibriimu These currents 
are either constant, periodical, or variable— the constant depend- 
ing on the primary and established relations of the earth ; the 
periodical on monsoons, tides, and sea and land breezes which 
occur in certain seas at stated seasons ; and the variable on local 
winds, melting of ice, river floods, and other similar contingencies. 
To those who may wish to enter more fully into the considera- 
tion of the waves, tides, and currents of the ocean — ^their direc- 
tions, volumes, velocities, and causes — ^we have again to recom- 
mend perusal of Captain Maury's * Physical Geography of the 
Sea,' the only comprehensive, and at the same time popular, 
treatise that has appeared on the subject in the English language. 



3 



--^ 



r.aa 






Ji: t 



2i:.wiii 
» aniTcTse 



~ r 






•-i^t ^ -S^ 






*Itt««M ll f^. 






-.: CO ^0« 

ctsia may b« 

L'isaemi 

iTTii yet 'W 
w^ |rw1 in C£] 

j.fi=Gin£ely pel 

lansiwar 



TT'i 




THE WATBH — ITS EIVESS AND LAKES. 149 

in miat and cloud, comii^ in contact with cold mountain-peaks, 
condensing into rain, and Mlii^ in toncnta to augment the rannels 
and rivulets. From runnel to stream, bom stream to river, the 




mass swells and hurnes downward and onward to the great recep 
tacle whence the light and fllmy vapour ongmally aroae, there to 
renew the same career, and perform analogous functions. 

[^^ Wator," wAjE the eloquflat author of the ^ PhyaicBj Geographj of the 
8e«,' "is Nature's carrisr. With its curretit it cotivej's heat awarfrom 
ttie torrid lone, and ice from tha frigid ; or, bottlicg the caloric ftwaj' in 
the tohcIbb of iti rapour, it Brst make" it impalpable, and then ooniaya it 
b; unknown paths to the most distaot parts of the earth. The materials 
of which tha cnml builds tha isiatid, and the sea-conoh its shail, are 
gathered by this raetless leveller from mountains, rocks, and lalleys iti 
kll iatituciea. Some it washes down from the MouutaJni of the Moon, or 
out of the (cald&elds of Australia, or frvm tha misee of Potosi ; othen 
from the battle-fieldn of Europe, or from the Enarbla quarriea of ancient 
Oreece and Rome. These materials, thus oollooted and carried over &lls 
or dowD rapids, are tranaported from river to aea, and delivered hj tha 
obedient waters tu each insect and ever; plant in the ocean at the right 
time and temperature, in proper form and in due qoantlty. Treating the 
rooks less gantlji it grinds them into dust, or pounds them into Band, or 
rolls and rubs them until tbey are fashioned into pebbles, nibble, or houl- 
den. The sand and shingle on the saa-shore ore monumenta of the abrad- 



■ing power of water. B; water the soil has been brought 
s hills, and spread out into the valleys, pluDs, and fields for 
aving the rocks on which the everlasting hills are established, 
. the surface of our plajiet Beams to have been removed from 

„—U foundation, and lodged in its present place b; water. Protean 

la shape, benignant in office, water, whether frath or salt, solid, fluid, or 
Ktueoua, ii muTeltouB in ib power."] 
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nd this may "be occasioned by sudden droughts and rainfalls, by 
he expansion and escape of steam and gases, by the ebb and flow 
»f tides, and other kindred causes. 

150. Surface springs generally vary in temperature with the 
easons: deep-seated ones, being beyond these influences, are 
equable at all times. It was stated in par. 17 that the earth's 
irust, at the depth of 80 or 90 feet, is unaffected by summer's heat 
)r winter's cold ; but that below this depth the temperature went 
m increasing at the rate of 1° Fahr. for every 60 feet of descent. 
Springs whose sources are above this invariable stratum will there- 
fore fluctuate in temperature according to the season of the year ; 
ihose that ascend from beneath it will gradually increase in heat 
—the deeper being the hotter. Of the latter we have instructive 
examples in the Artesian wells of Prance and other countries — 
those borings emitting water from 60° to 90° and upwards, and 
this strictly according to depth, and altogether independent of the 
nature of the strata through which they are carried Cold springs 
generally flow from chilled moimtain sources ; hot springs, on 
the other hand, arise either from vast depths, or are situated in 
the neighbourhood of volcanic action. Thermal and hot springs 
(hot even beyond the boiling point of water, and accompanied by 
violent jets of steam) occur abundantly, and on a gigantic scale, 
in Iceland, the Azores, Central Asia, New Zealand, the Andes, 
and other volcanic regions ; they occur also in Britain, the Pyre- 
nees, Germany, Austria, and other countries far removed from any 
centre of volcanic activity. Like ordinary springs, hot springs are 
either perennial or intermittent — ^perennial, like those of southern 
Prance and the Pyrenees, that have flowed without abatement 
since the time of the Romans ; and intermittent, like the Geysers 
("roarers") of Iceland and New Zealand. 

151. The waters that percolate the earth being of different tem- 
peratures, and often containing carbonic acid and other gases, act 
chemically, less or more, on the rocks through which they pass. 
In tWs way they become mirural springs — ^that is, hold in solu-. 
tion various mineral ingredients, wMch are either deposited along 
their courses on land, or borne onward to the ocean. Some, for 
example, are saline, or contain salt ; some chalybeate, or contain 
iion (chcUyhs, iron) ; some siliceous, or contain flint {silex) ; some 
calcareous, or contain lime (ccdx) ; while others give off sulphur- 
ous vapours, or are impregnated with the salts of various minerals 
and metals. Such are the sulphuretted waters of Harrogate, the 
hrine springs of Cheshire, the borax springs of Tuscany, the tra- 
vertine or lime-depositing waters of the Anio, the siliceous hot 
springs of Iceland and the Azores, and thousands of others that 
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by runfeUs), they are Mid to be permanent; but when ariaing 
aolely from ram&lls, melting of bdow, and the like, they are 
ten^orary, and often of abort duration. Permanent streams are 
Dsuallj dietinguished, according to their dimensions, as rUtt, 
itrecmleU, brooi^, rimUeU, &c. (each coontry, and even province 
of a country, haying its own expreaaive term for such distinctions), 
and their currents form raviiu*, gUm, gorges, vaUeyi, and other 
descriptive escayations. Temporary streams, on the other hand, 
are little noticed save in r^ons subjected to periodical rains, their 
dry cooraeH being known as nullahs in India, wadiei in Ajabia, 
ertda in Australia, and so on in other localities. Streams occur 
in all countries, but fewest and least, of course, in rainless lati- 
tudes. Their great headquarters are the slopes of mountain-chains 
and the outer margins of valleys, and there they impress on the 
country geographical features and geological r^ations peculiarly 
their own. Coursii^ down the mountain-aides vrith headlong 
apeed, they form ravines, gorges, and waterfalls— their eicayating 
power depending primarily upon their volume and velocity ; and, 
secondarily, on the nature of the materials to be eroded. The 
aggr^ate amount of debris brought down by streams and torrents 
is enormous ; and one has only to cast his eye over some lofty 
mountain-ilope to see how deeply it is scarred and seamed and 
furrowed by these restless and resistless agencies. In fact, the 
great diversity of mountain scenery depends on this erosive power 
of water — all the hills and highlands depending less for their pre- 
lent outlines on the igneous forces by which they were upheaved, 
than on the meteoric and aqueous agencies to which they have 
been subsequently subjected. 

IM. Streams, like spring subserve important purposes in the 
^ouomy of nature. They constitute a great network of drainage 
m the land^^iftrryillg olF aupiTfluoiiH moisture, and preyenting 
i» accumulations in bogs, swanipe, and iiioruEses, They ore at 
Bee the carriers and distributors of water — dispensiny in measured 
iq^dies the heavy rainfalls, melting snow and ice of the bi^h- 
^Bds, to the less rainy regions of the plains below. Qeologicallj', 
Jiey are incessant workers of change — here cutting out ravines, 
^ais, and gorjjes — there filling up lakes with the eroded maJ-'"^ 
|b1; here wearing deeper channels for the further drainag< 
mmpy lowlands, and there assisting in tliat universal trans 
iT Bedimenta to the ocean whiuh is destined to become the r 
f future lands. Man, too, ever early locates hmiBtlf on t 
jKlke, employing their perennial Euppbi"< m the wants of 
lOme, in the irrigation of his fields, or ai a cheap and effecti 
gent in the turning of his machinery, iio nouder, then, that 1^ 
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"basin of the Mediterranean," and, carrying the idea still farther, 
even of the " basin of the Atlantic." As the great oceans form 
the ultimate receptacles for all the rivers (with one or two excep- 
tions), the river-basins that descend to any ocean constitute what 
is termed the river-system of that ocean ; and thus we have the 
Arctic System, the Atlantic System, the Pacific System, and the 
System of the Indian Ocean — ^together with the Aralo-Caspian 
System, and the minor basins of Utah, the Mexican table-land, 
and the plateau of Bolivia, whose streams are strictly continental, 
and confined to these areas. The line or ridge ^at separates 
one basin or system from another basin or system is termed the 
watershed of these basins (or waiersched^ if we affect a German 
derivation) — oil the springs and streamlets '' shedding or x>arting 
off," as if from the ridge of a house, to their respective areas. 
Though hills and mountains generally form the boundaries be- 
tween river-basins, it does not follow that watersheds should 
always consist of elevated ground — a few feet of fall being suf- 
ficient to determine the current in either direction. The low 
ridge that thus separates the streams of different basins is spoken 
of as 2k portage (Fr.), from the fact that goods and boats are fre- 
C[uently carried across from one stream to another ; and thus, it 
may be, completing the passage by water from one side of a con- 
tinent to another. 

167. Such are the usual terms employed by geographers in treat- 

ng of rivers ; the characteristics of the rivers themselves — ^that 

5, their rise, course, length, volume, depth, velocity, capability 

)f navigation, and the like — ^require more detailed consideration. 

^ to their rise, it has been already stated that it generally takes 

place in some upland spring, lake, or morass, and not unfre- 

luently in the melting terminus of some descending glacier. 

Many of these springs, especially those issuing from chasms and 

savems in limestone districts, are often of considerable magni- 

ude, being, in fact, full-flowing streams when they make their 

'•T^earance at the surface. Mountain lakes, being the recipients 

•Tings and other runnels, become in like manner copious 

^-—the streams that flow from them being already rivers 

lature. The same may be said of morasses and high 

tracts, which, being saturated with springs and rain- 

harge at once regular and continuous streams. Where a 

II lake receives a number of small feeders, it is justly 

as the "source" of the river to which *it gives rise ; but 

e of the feeders assumes decided importance, that feeder 

upon as the infant river, and must be traced to a higher 

r fountainhead among the mountains. Glaciers and melt- 
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-ilnmed bj its affluents. There may occaeumally be some pecn- 
::Jaiity of basin as regards nuifall, melting of snow, and the like; 
.(rat, generally speaking, the greater the area over which the 
:ribataiies runify, the greater the quantity of water brought to 
the main trunk or channel In temperate latitudes this Tolume 
:_4b somewhat lessened in summer and increased in winter ; but 
-on the whole the supply is pretty equable and permanent Sud- 
den excesses, arising from heavy rainfalls, rapid melting of snow 
in spring, and the like, are merely temporary, producing what are 
termed jfootb, frahett, and debada. In tropical countries, on the 
other hand, where the rains fall and the snows melt only at stated 
■eamuB, these floods assume the character of regular and periodi- 
cal inundatiom. And where the iMn falls in the low conntries 
at one period, and the far-off mountain-snows melt at another, 
there may be two such inundations occurring with wonderful 
K^nlari^ both in time and amount of overflow. Again, where 
the eoQicee of a river lie near the equator and its ontlet in the 
temperate zone (as in the case of the NUe), a considerable time 
must elapse between the equatorial rainfall and the deltic inun- 
dation ; and the length of this lapse will depend partly on the 
windings of the river, and partly on the slope and freedom of 
the channeL In the preceding instances, whether subjected to 
iir^ular floods or periodical inundations, the rivet itself is al- 
ways mote or less permatunt; but in some regions, as Australia 
and South Africa, many of their ao-called rivers are merely tem- 
porary, being roaring impetuous torrents during the rains, and a 
succession of stagnant pools and diy shingly reaches during the 
season of dron^t 

161. The veloeily of a river depends mainly on the slope or da- 
clivity down which it flows, partly on the nature of its channel, 
according as this may be straight oi winding, deep and narrow, 
or wide and obstmcted by nx^ and shoals, and partly also on 
the amount or volume of its currenL Aa all rivers descend from 
higher to lower regions, and many of them from very elevated 
sources, they may be said to have an upper, middle, and lower 
course — the upper being characterised by rapidity of stream 
through goiige and glen and waterfall ; the midiUe by lesa velocitK^^^ 
through rapids and cats racls ; and tha Imver by a quiet ate- ' 
flow ttroi^h level and alluvial plains. Other things being e 
the deeper the river, the more rapid the current — the gn 
velocity being in the centre of the streuni, and a little helov 
nifsce, where there is least retaliation from friction on the : 
aad bottom of the channel, " The speed, however," it has been \ 
remuked, " does not depend entirely either upon slope or depi 
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but also upon the height of the source of the river, and the pressure 
of the body of water in the upper part of its course ; consequently, 
under the same circumstances, laige rivers run faster than small, 
but in each individual stream the velocity is perpetually .varying 
with the form of the banks, the winding of the course, and the 
changes in the width of the channeL" 

162. The velocity of rivers is an all-important consideration in 
their geographical, geological, and commercial relations. The more 
rapid their currents, the less the irrigating effect, and the greater 
the geological effect on the countries through which they flow ; and 
in proportion as their velocity increases, so their fitness for the 
purposes of navigation is diminished. Formerly a descent of more 
than 1 foot in 200 was considered unnavigable ; and though the 
power of steam has enabled man to contend with higher veloci- 
ties, it is still the velocity of current more than the depth of water 
that renders a river unavailable as a means of internal conmumi- 
cation. Geologically, the cutting as well as transporting power of 
rivers is greatly aided by the rapidity of their currents ; hence 
the effect of mountain torrents compared with the quiet, sluggish 
flow of the lowland river. It has been calculated, for example, 
that a velocity of 3 inches per second will tear up flne clay, tiiat 
6 inches will lift fine sand, 8 inches sand as coarse as linseed, and 
12 inches fine gravel ; while it requires a velocity of 24 inches 
per second to roll along rounded pebbles an inch in diameter, and 
36 inches per second to sweep angular stones of the size of a hen's 
egg. During periodical rains and land-floods the currents of 
rivers often greatly exceed this velocity ; hence the tearing up 
of old deposits of gravel, the sweeping away of bridges, and the 
transport of blocks many tons in weight — an operation greatly 
facilitated by the circumstance that stones of ordinary specific 
gravity (from 2.5 to 2.8) lose more than a third of their weight 
when immersed in water. 

163. The depth of rivers is as various as the circumstances un- 
der which they occur, though, generally speaking, the greater the 
volume of water, the deeper the channel of excavation. In their 
upper and middle courses, the stream, being for the most part 
through steep rocky excavations, is of no great depth ; but in the 
lower and slower portion the waters accumulate and deepen as 
they proceed. The outlety or emhouchure (Fr.), as it is frequently 
termed, depends altogether upon the conformation of the country. 
Some rivers discharge themselves at once and by a single mou^ 
into the ocean ; others into an estuary, and are consequently 
affected for a certain length by the flux and reflusc of the tides ; 
while others, again, creep sluggishly along, branching and bifuT' 
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ating thiough tlieir swampy deltas, till tltey find their way into 
the eea hy several main mouths. Seeing that the conditions of 
rivetB are bo exceedingly Taried, their /aciliiia /or navigatwn, will 
depend in each case on the nature of the outlet as accessible ttcaa 
sea and free from bars and banks, on depth and volume of water, 
and on the velocity of the cuirent. Length of course and volume 
q! cnirent may be obstructed by rocks and sfaools ; depth and 
volume may be rendered unavaUable by shallow bars and shifting 
:!iiidbanha. - 



Biver-Sfstems, Ooeuiio and ContiDeDtaL 

164. It will be seen from what has been stated respecting Uie 
haracteristica of rivers, that each has its own individuality, and 

Ehat this individuality depends in the main on the geographical 
positjon, extent, and superficial configuration of its basin. To 
live an account of these basins would be to describe in detail the 
rivers that traverse the surface of the globe — a subject which 
f^sfends beyond our limits, and belongs more especially to hydro- 
'Taphy and general geography. All that our outline will permit 
« the arrangement of the basins into Sshtbms, and a notice of 
«(ime of the more remarkable rivers that belong to each system. 
As all the affluent streams of a river belong to one basin, so all 
the river-baains that descend to the same ocean-basin — whether 
directly, as the Niger to the Atlantic, or intermediately through 
^ome inland sea, as the Nile to the Atlantic through the Medi- 
terranean — belong to the same river-system. In this way we have 
four great oeeaiiic riner-jygtem*-— the Arctic, Atlantic, Pacific, and 
[ndion ; and one or two minor continental ones, as the Axalo- 
■^ian, the Utah, the Mexican, and the Bolivian. To the main 
:liaracteriirticB of these respective systems, and the leading rivers 
hat compose them, the attention of the student is now diRct«d. 

165. TJht Arctic Sffitem, as the name implies, embraces those 
ivers which, obeying the northern slope of the Old and New 
^orld continents, discharge themselves into the basin of the 
Uctic Sea. Lying for the most part within the limit of c«n- 
tontly-frozen ground (See Atlas, Plate SIL), and flowing throur" 
[WWdy level plains, there is a degree of sameneas in the con 
Wta of these wati'rs which renders the Arctic more homogenei 
a ils character than any other river-system. For convenier 
■OWever, it may be divided into three sections — Asiatic, EiL 

d American — according as the rivers belong to these x- 







TTioi-aeses, which render ite snrfac« Btill more dieary and inhos- 
T>ital)Ie. 

1 67. The European section of the Arctic river-fiystem embraces 
V'Vie Fetchora, which falls directly into the ocean, and the Mezeu, 
Owina, and Onega, which enter it indirectly through the White 
Hea, With the exception of the Dwina, on which Archangel is 
nitiiat-ed, and which drains on area of 106,000 square miles, none 
of these rivers are of much importance, being usually ice-locked 
from September to June, and otherwise flowing through a flat and 
unmviting r^on. This flatness, however, permits of an extended 
cs.i;uiJ.-Bysteui ; and it is thus tWt the White Sea and Baltic are 
connected, through these northern rivers and the Volga, with the 
Slack Sea and Caspian, just as they will shortly be by the more 
rapid and effective system of railway. 

168. The American section comprises those streams and liveie 
■which, obeying the northern slope of that continent, find their 
way through a labyrinth of lakes and swamps, and ultimately fall 
into the Arctic Sea. The more noticeable of these are the Great 
Fish, the Coppermine, the Mackenzie, and the Colville. Compara- 
tively little is known of the sources and ramifications of these 
rivers, of which the Mackenzie is the laigest and most important. 
This great liver, which drains an area of 441,000 sq^uare miles, is 
formed by the union of several streams that rise in the eastern 
slopes of the Rocky Mountains, The most important of these are 
the Athabasca and Peace tivers, which, after passing through Lake 
Athabasca, unite to form the Slave River; and this, after entering 
the Slave Lake, reissues as the Mackenzie. Like the rivers of 
Siberia, those of Arctic North America flow through low, frozen, 
and inhospitable swamps, and enter the sea by wide mouths ; 
but, unlike those of Siberia, they are connected with a labyrinth 
of lakes, a feature peculiarly characteristic of the northern section 
of the American continent. 

169. The JfiiMrfic System, as the name implies, embraces all 
~ those rivers that find their way directly or intermediately into 
the great basin of the Atlantic from the stopes of the adjacent 
continents. It necessarily arranges itself into four sectioni"-^— 
the European, African, Korth American, and South Am p-" 
"" .wcordii];,' (13 tlio rivL-i'- iI.-m-.-iuI fi.iiji I'itliL-r iil" Uu-,' r.iiit' 
~ ' e European siii:tiou \v<; havi: Luit.du iLvtid tluit llrnv ii 
" ) directly, iind others that tnter it indirectly tbrouf 
I Mediterranean. Tlie chief of those flowing ii 
■e the Elbe, Weser, and Rhine from the western a. 
irmanio pln.in ; tlie Seine, Loii'e, and Garonne i- 
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tik triktuies-lhe Theisa, Drave, and Save — form important 
tmneJs of iateniil cammunication for eastern Europe— an iin- 
ntance that im been ^atly enhanced Ijy the adoption of 
amen fitted to the pecuUarities of their cmreiLtv, 
171. Sacli are the principal rivers of Europe that fall directly 
indirectlj iota the bami of the Atlantic. Lying in the tempe- 
e zone, and having their sources at no great distance from the 
w, their yolmaea are wonderfully regular and persistent, being 
bIj liable to ocM/donal ftoodings from excess of rainfall, or from 
ien meltings of the mow in early sj^ing. The extent and 
ijDration of the continent prevent the formation of lai^e and 
rirers ; bat a the rapids and waterfalls are confined to their 
r atages, the lover portions of their courses are in most in- 
ee eaay of access and more or less navigable. Whether 
-d ee channels of drainage and inigation, or as means of 
al conunumcalioD, these rivers constitute an essential fea- 
n tiif physical geography of Europe. Flowing from the 
I region in every direction, they equalise the water-supply 
than in anj other continent, confer greater beauty and 
Y on its surface, and afford at once a perennial supply 
available mode of intercommunication to its busy popu- 

The African section of the Atlantic system embraces all 
vers which flow from the western and northern slopes of 
tinent — the former discluti^ing themselves directly intu 
I, the latter indirectly throi^h the basin of the Mediter^ 
Of tliose entering directly into the Atlantic, the Senegal, 
N^ger, Congo, Coanza, and Orange are the more import- 
jh still but very partially known in their middle and 
tsea. The Senegal and G^imbia, which rise in the Kong 
, and have courses from 600 to 860 miles in length, form 
it basins of Senegambia, and are navigable to some ex- 
Wiger, the nohlMt of these western rivers, is supposed 
sources in the ncathem slopes of the Kong Mountains, 
[ circuitous course of more than 1500 miles, during 
elves the Chadda and other large tributaries, enters ht— 
i»}de zaouths the Gulf of Guinea. The Niger (Jc" 
Irains ;iji immcjiffi Imt uiikimv™ cxU'iiL of In 
B navigable uiiiidle course ot many hundred i 
one to six mileB in width, and running at the n 
it m.ilea an hour; and possesses a low, pestile- 
O square miles, alternately choked with the rani 
ajid. oversjiread by inundation, which ottaiiia 
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tin its final discharge into the Mediterranean by the two main 
mouths which form ita delta. This delta commencea 90 mtleB 
from the eea, and has a cooft-line of 187 miles between its main 
moDths, the Rosetta and Damietta. In the plain of Egypt, which 
is from 2 to 18 milea in width, the current of the Nile, when nut 
in flood, is about 2^ miles an hour, hut in its delta branches the 
flow is almost imperceptible. The most remarkable feature in the 
Nile ia the r^ularity of its H Ti'"ift 1 inimdation, which arises, in 
all likelihood, from rainfalls dependent on the south-east trade- 
winds of the Indian Ocean, and on the melting of snows among 
the equatorial ranges near its sources. In its upper branches the 
river begins tO'rise in April, but at Cairo the flood is not percep- 
tible till towards the summer solstice. It then continues to rise 
for nearly a hundred days, and remains at its greatest height till 
the middle of October, when it begins to subside, and reaches ita 
lowest point in April and May. So far as we have evidence, this 
inundation has remained unchanged for the last 4000 years. Its 
height in Upper Egypt is from 30 to 3S feet, at Cairo from 20 
to 24, and in the northern part of the delta, where it spreads out 
over a wider area, it seldom exceeds 4 or B feet The fine black 
slime or mud deposited by thb inundation has been the unfailing 
Bonree of wealth and fertility to E^ypt, and from its accumula- 
tion, in like manner, has arisen tlie formation and increase of 
the delta. 

[Speakinirot thet 

Ifcat "the most ren. , ., .., 

ot the Lake N'faau, Bituated cloae oi 

which giras to the Nile the surprifling lenetli, i 

iTii; over thirty-four degreea of iBtitude, of aboTu ahju miiwij ur aunts uum 
"''" '" ■ ' lotthBglobe. Now, fnjm this southern 

re tbe greiU Nile stream iHuea, there is 
—^j L.un lonuur oi any imporwjioe ; for the travelled Arabs one and all 
aver, that from the vest of the snow-dad Kilimandjaro to the first degree 
of Hutb latitude there are salt lakes and lalt plains, aad the count)? is 
™ly, not unlike UnyamuSii ; but thay said there were no great riTsrs, and 
tha country was bo icantily watered, having only occasional runnolB and 
nmleta, that they always had to make long marchea in order to find 
"Klsr when they went on thnr trading journeys; and further, those 
Arabs who enuaed the stiait when they raaehed Usoga, as mentionad be- — 
•m, vimBoi no livBr either. There remMna to be dupoaed of the ' af 
laliB,' "hicli I bolifvo imiot n ailt, but n frcsh-watcp Inlta; and my rca' 
«», as before Btateti, that the nntives call a]I lakes salt, if they find 
waa or salt ialanda iu such places. Ur Krapf, when he otitaiueil a t 
of Uie Kenia mou.itain, beard from tbo nntitos there that there wha a 
l«a to lis northward ; and he also hoiir.1 that a. liver ran ■from Kenia 
■rania the Nile. If hia information was true on thia latter point, than, wt 
out doubt, there must etiat acme counacCion between hia river and the e; 
Uka I ha.B hoard of, nnd thia in all probability would also establish a cov 
neotion between my salt lake wid hU aalt lake, wliich he heanl wna cnllet 
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Baringo. In no view that can be taken of it, however, does this unsettled 
matter touch the established fact that the h^td of the Kile is in 3° south 
latitude, where, in the year 1858, 1 discovered the head of the Victoria 
N*yanza to be.' Again, referring to the river as it issues from the lake by 
the " Ripon Falls," he says— " lliough beautiful, the scene was not ^cactly 
what I expected ; for the broad surface of the lake was shut out from view 
by a spur of hill ; and liie falls, about 12 feet deep and 400 to 500 feet broad, 
were broken by rocks. Still it was a sight that attracted one to it for 
hours,— the roar of the waters, the thousands of passenger-fish, leaping at 
the fails with all their might ; the Wasoga and Waganda fishermen com- 
ing out in boats, and taking post on all the rocks with rod and hook ,* hip- 
popotami and crocodiles Iving sleepily on the water ; the feny at won: 
above the falls, and cattle driven down to drink at the margin of the lake, 
made in all, with the pretty nature of the country — small hills, gras^- 
topped, with trees in the folds, «nd gardens on the lower slopes — as inter- 
esting a picture as one could wish to see." And as the young river held 
on its downward course, the countrv and sceneiy were most beautiful. "It 
was the very perfection of the kina aimed at in a highiy-kept park ; with 
a magnificent stream from 600 to 700 yards wide, dotted with islets and 
rocks, the former occupied with fishermen's huts, the latter by stems and 
crocodiles basking in the sun, — flowing between fine high grassy banks, 
with rich trees and plantations in the background, where herds of the 
nsunnu and hartebeest could be seen grazing ; while the hippopotami were 
snorting in the water, and fiorikan and guinea-fowl rising at our feet"] 

174. The rivers of South America constitute by far the most 
unique and gigantic section of the Atlantic system. Indeed, all 
the rivers of that continent obey its great eastern slope towards 
the Atlantic — the streams that flow down the abrupt and lam- 
less counterslope towards the Pacific being mere runnels fed by 
the melting snows of the Andes. In this case we have at once 
area for development, supply from heavy rainfalls engendered by 
the moisture-laden winds of the Atlantic, as well as from melting 
snows and perennial springs, and breadth of volume arising from 
the flatness of the surface over which these rivers flow. Begin- 
ning at the south, the rivers of Patagonia are of little importance, 
being described as " of small magnitude, with few or no affluents, 
and making straight across the dry shingly terraces of that sterile 
region." North of this the great river-system conunences, em- 
bracing the basins of the Plata, the San Frsiicisco, the Paranahyba, 
the Tocantins, the Amazon, Orinocco, and Magdalena. 

175. The Rio de la Plata, whose drainage is estimated at 886,000 
square miles, receives its affluents from very distant and different 
regions — ^the Salado, Vermejo, and Pilcomayo from the deserts 
and saHnas of the Lower Andes — the Paraguay and Parana, two 
noble rivers, from the wooded slopes and verdant plains of the 
central regions — and the Uruguay from the low sierras and valleys 
of southern Brazil. Some of these affluents, like the Paraguay 
and Parana, are navigable for hundreds of iniles inland, and, on 
the whole, have deep and accessible channels, but are subject to 



r»f the Plata— a freHh-water sea, 180 milee ka^, and 
L ita entrance ; but shallow and loaded with mud, 
■-ation ia perceptible far out the Atlantic. The San 
"/ing a length of 1400 miles, and an estimated drain- 
J Bqnare milea ; the Paranahyba, having a drain^e 
[uafe miles ; and the Tocantins, or Fata, of 284,00l> 
. — are etrictly Brazilian rivers, rising among, and flow- 
, the sierras of that country. Little is known of their 
, they descend with considerable currenta till they 
wlands that fringe the Atlantic, from which they are 
ir long distances inland. 
., ■ -Amazon, by far the largest river in tiie world — having 
" - ,' 3500 miles from its remotest feeder (the Apurimac) in 
■ to its union with the ocean, and an estimated diainage 
■ ' .' 00 square miles — is that which gives life and character 
■ 1. .viands of tropical America. Entering the ocean by an 
J_' -- iOO miles long and 130 hroad, its freshening influence is 
■• " ' - ral hundied miles out at sea ; while, on the other hand, 
-_ - _ _ I rise is perceptible at the distance of 576 miles from the 
bure. The main stream, though much impeded by mud- 
,~ "~ ind islands, is nav^ble for 2000 miles inland, and will, 
■* ~ y or other, become the highway of commerce and civilisa- 
"^ ■ the fertile and emberant region through which it flows. 
'''' incipal aifluents on the right are the Xingu, Tapajos, Ua- 
" "" " - ■ Purus, and Ucayali, which flow from the sierras of Brazil 
- -'■ >-■ he central region ; and on the left the Rio Negro, the Japura, 
_' '- '^■- - -putumayo, which descend from the mountains of Parimi and 
'"^ - aorthem Aodes. Many of these tributaries are largely navi- 
* *^ "jb, and, though treated as nn-rif fech-r. of the Anii./o.i, would ; I 

*-.-w*l^emed iuiiiorl,tiiL rivors in tlu' -,i,-nii'liy ulclhir countries. i I 

!*'^1^*^-'""'-ra of the Aiuuzuu diuiu tin: 't-ntiri: cii'tle of the 
le Andes, almost connfictin|i its Btreiun by a low purtnge with 
1 the south, and actually uniting it by the Cosi- 
« with the channel of the Orinocco on the north. Like other 
1 rivers, the Amazon is snbj ect to periodical inundation — 
waters beginning to rise in December, being at their great' *' ■ I 



n March, and lowest in July and August, When 
fcwoteiB overspread an imnieiiae cstent of country, which 
» alternately a fresh-water sea, and selvai teeming wil 
eat tropical vegetation. 

7. The Orinocco — the last of South American rivers to v. 
I» space will permit us to adveil^has a basin of nearly 300, 
[' iqiUttB miles, and a niivi^-able course at all auasona of more l 
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1000 miles. Rising in the mountains of Parim^, it takes a cir- 
cuitous course northwards and then eastwards, receiving on the 
one hand several important tributaries from the Andes, and on 
the other a number of smaller streams from the ranges of the 
Parim^. Increased by these affluents — ^the Guaviare, Meta, and 
Atures on the left, and the Paraqua and Caroni on the right — ^it 
ultimately finds its way by a perfect labyrinth of mouths into 
the basin of the Atlantic, whose tides flow upwards into its main 
channel for more than 250 miles. Its annual floods take place 
with great regularity— commencing about the end of March, and 
decreasing by the end of August. During high flood, thousands 
of square miles of the low flat basin are inundated to a depth of 
30 feet — these flats, alternately flooded and covered with long rank 
grass, constituting the celebrated llanos of the Orinocco. / 

178. The river-systems of North America are governed by the 
disposition of the Rocky Mountains much in the same way as 
those of South America are governed by the Andes. The counte^ 
slope of the Rocky Mountains, being less abrupt than that of the 
Andes, gives development to two or three streams of some import- 
ance on the Pacific side, but in the main the great river-basins 
are directed towards the Atlantic. The central plain that stretches 
from the Gulf of Mexico to the Arctic Sea being divided by a low 
watershed of 1300 or 1500 feet, a few rivers, as the Mackenzie and 
Coppermine, trend northward to the Arctic basin, but all the 
larger and more important lie south of this watershed, and belong 
to the Atlantic system. Of these the Rio del Norte and the Mis- 
sissippi fall into the Gulf of Mexico ; the St Lawrence directly 
into the Atlantic ; and the Saskatchewan and Churchill into Hud- 
son Bay. The Rio del Norte, which rises among the sierras of New 
Mexico, has its upper course through a desert region, in which it 
receives few affluents ; but as it descends into the lower grounds 
it gains considerable accessions, and becomes a natural boundary 
between the United States and New Mexico. Its drainage area is 
estimated at 180,000 square miles. 

179. The Mississippi (" father of waters'*) is by far the largest 
of North American rivers. Rising in the small lake of Itasca, on 
the verge of the middle table-land, at an elevation of 1500 or 1600 
feet, it runs southward through the great central plain, receiving 
numerous accessions from either side, and, after a winding course 
of 3160 miles, falls through a swampy delta into the Gulf of 
Mexico. Its main tributaries on the right or Rocky Mountain 
side, in which they take their rise, are the Missouri — a river even 
longer, larger, and having more affluents, than the MissiBsippi 
itself — ^the Arkansas, having also many affluents, and the Red 



stiver; whUe on the left its chief tnbutary is the Ohio, with its 
numerous feeders from the western slopes of the Alleghanies. 
Between the Rocky Mountains on the west, and the Appalachians 
on the east, lies, therefore, the great conjoint basin of the Missouri, 
^^^iflfiissippi, and Ohio, having an area of more than a million 
square miles ; containing every description of soil and scenery — 
praine, barren, and woodland ; watered by innumerable streams 
and several navigable rivers ; and possessing every variety of cli- 
mate, from the coldly-temperate highlands of Nebraska to the 
8ub-tropical warmth of the Gulf of Mexico. The Mississippi, we 
have said, has a winding course of 3160 miles, but if the Missouri 
be taken as the main stream, its length is 4260 miles ; while that 
of the Arkansas is 2000, and the Ohio more than 1000 miles. 
The breadth of the Missouri and Mississippi at their confluence is 
about half a mile, and the main stream downwards is very little 
more. Though gentle, the current is by no means sluggish ; and 
thus, during floods, from the melting of the snow in tiie higher 
latitudes, the rivers sweep downwards immense quantities of mud, 
driftwood, and other debris. The Missouri is said to be navigable 
'^ from the Great Falls in the Rocky Mountains to the sea, a dis- 
tance of 4000 miles ; the Mississippi, from those of St Anthony, 
2240 ; while the Ohio, being connected by a system of canals with 
Lake Erie, and thence to Lake Ontario, carries out a water^com- 
munication between the Gulfs of Mexico and St Lawrence." The 
delta of the Mississippi, which projects itself forward into the 
Gulf of Mexico, is a low and unhealthy region, nearly 14,000 
square miles in area, and full of lagoons, creeks, and pestilential 
marshes. 

180. The St Lawrence, which forms the great water highway to 
Canada, takes it rise, under the name of the St Louis, far west 
in the central lake-region of North America. After uniting the 
Lakes Superior, Huron, Erie, and Ontario, it issues from the last 
by the name of the Iroquois, and, alternately contracting and ex- 
panding into lake-like reaches, it is known as the St Lawrence at 
Montreal, from whence it flows to Quebec, and thence by its long 
estuary into the Atlantic. Its drainage basin is estimated at 
297,000 square miles, of which 94,000 or more is covered by 
&e8h-water lakes. Its estuary is 350 miles long, and 80 broad 
is its mouth, but, from its northward trend, is frozen and ice- 
locked during the winter. The Saskatchewan and Churchill take 
^eir rise, in like manner, among the labyrinth of lakes that 
characterises the extreme northern plain of America, and, after 
lowing from lake to lake with irregular and tortuous courses, find 
iheir way to the North Atlantic through Hudson Bay. The basin 
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ling and Pe-ling, wind with slow and steady flow through the 
plain of China into the Yellow Sea, The course of the Hoang-Ho, 
or Yellow River (io called from the colour of its waters), ie esti- 
mated at 2300 linear, and its hasin at 637,000 sqaare miles ; while 
the course of the Yang-tae-Eiang is 2900 linear, and its drainage 
area not leaa than 648,000 square miles. Though their main 
moutlw are wide apart, yet they may be said to fall into the 
same delta — their broad nav%able streams being united thiough- 
ont their lower courses b; innumerable canals and natural 
channels. Indeed the whole country, from the southernmost 
btanoh of the Yang-tse, north to the Pei-bo, or White River, 
which enters the Pe-che-le Qulf, is one allavial flat, intersected 
by channels, canals, and embanhments, and liable to be flooded 
and broken in upon by shiftings of the river-courses, and other 
similar changes. The burden of sediment which these rivers 
carry down to the shallow basin of the Yellow Sea ia immense ; 
and though frequently shifting their channels, and encumbered 
by sandbanks, they are navigable by veasels of conaiderablu bur- 
den for 600 or 800 miles, and by smaller craft to perhaps doable 
that extent. The Mekong is a laige but little-known river, rising 
in the mountaina of Eastern Aasam, flowii^ with a long course 
between the mountain-rangea of Cochin-China, draining, aloi^ 
with the Menam, an estimated area of 216,000 square miles, and 
falling into the Gulf of Siam or Cambodia by a many-mouthed 
delta. 

183. Tht river-tyttem of the Indian Ocean has three separate 
and independent sections — the Asiatic, the Australasian, and the 
African, according as the rivers flow from either of these regions. 
The Asiatic embraces the Martaban. and Irawady in Burniah ; 
the Brahmapootra, Ganges, and Indus in India ; and the Tigris 
and Euphrates in Persia and Asia Minor. The Martaban, Ira- 
wady, and other rivers of Further India, occupying the narrow 
valleys which lie between the parallel hill-rangea of that region, 
flow southward in long and comparatively stra%ht courses. Very 
httle is known of their sources or affluents ; but the Irawady, 
which enters the Gulf of Martaban by a many-branching delt " — 
1" navigable for 40n or 5IX) inilea, and though cnciinibered i' 
lower course by uiud-banks and islimds, ia a thiinniil of las 
portanoe to the Bunutse empire. During the season of ini 
tion it sprfiads to a breadth of 3 or 4 miles, rima at the n 
4 or 5 miles an hour, a.nd is hea\ily laden with sedimentaij 
hrit There is, indeed, u great similarity among all the rive*, 
thelmlo-Chineaolpeiiinaiila, whether flowing Uku the Menam. a» 
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the^lTch ^"o *^^ ^^^'^^> ^^ ^^^^ t^e Marteban and Irawady into 
eiderable"^ ^cean ; they have long straight courses, flow with con- 
and enter tl!"^^* through a country rich in tropical vegetation, 
incpeasinir delteT ^^ ^^^^^ mouths through low and graduaUj- 

14 000 fepf "^®®' ^hich rises at an elevation of 13,000 or 

to 'the plaiiT^f T *^^ ^^*^^^" o^ *^e Hinudaya, descends rapidly 

'^ceives nmnpmnc «** ^^"^ ^^^'^ flowing with gentle current it 

njountains^ fh affluents from the southern slopes of its parent 

Vindhva hiJh °^® ^*°^' ^^ ^^ *^® northern slopes of the 

a manv-brann}?"^'^'^® ^^ ^® ^^^^^' *^ ^* ultimately faUs tlirough 

t«^roff8prinTo7pf^^,!f*^'^*^^^^"^ TheBrahmap. 
streams the n ™^a' ) is formed by the union of two main 
elopes of th^ ^^,^^' ^^^^ ^^ its origin in the northern 
^e Brahmanonf *^^' *°^ ^^^ eastward till its union with 
recesses of ^ '^•P^P^'' ^^^^^' descending from the distant 
Assam. After t}i . . **^ mountains, runs southward towaids 
®^ the Brahma ^^ junction the united waters, imder the name 
^^ then, n^^i^^^ ^^* transversely the eastern Himalayas, 
ably exceeding th ^V^ ^^ westward with a volume consider- 
about 40 mii^ iJf *^® Ganges, enter the delta of that river 
of their own Th* ? *^® ^^ ^"* ®*^ maintain the individuality 
*^ their afflii^!^ / "^^ conjoint area drained by these rivers 
^ estimated atT^i^^"^ ^^ ^^^^ ^ l«^«r *^*^ *^^ ^^^^ 
at 1680 miles. Lit !?^^*^ ™^®®' *^^ ^^^^^ respective lengths 
'^^apootra are sub* \ ^ ^^ tropical rivers, the Ganges and Brah- 
njencing in Anril fV^ -^ annual inundations— the floods com- 
f «gast, and co^L -^^^^ *^«"^ maidmum about the middle of 
^'^^^ the melti^ of"t^^ *^ October. They begin first to 8ve\l 
'^^uence hwrea h H^*^^^^ among the mountains, but before 
^^om the Tw* • ^ • *^® ^^^ grounds these are widely under 
-^ ^rom these 1^ rainfaUs. The quantity of water 

' •^■*'^ Wapootra ia^ ^^ses and brought down by the Ganges 
''^^ of square ^.^^^^^o'ls, overspreading the plains for 
'' area of the Bat^^'/^^ freshening more or less the whole 
•^^t down bv the^l; Bengal The amount of sediment 
u. '^''^''' ' mn""^^ "^^^^ ^ flood is also immense; and 
- ' ^^^ crcll"'/^''^^ ^<i 180 broad at its base, 

offsnw!!' ^^^^> and mud-islands (Sunder- 

' -^TinZl^r '^' ^^^^- Though liable to 

^^•^ '"avigTw™^^ ^^^^^ ^f ^^« ^«*^^^^' ^^ 

^" ^ain str^ seasons fc^r vessels of laig« 

'^' ^Ae Himaw"^^^ asc^ded by smaller 

J"^ -though [possessing a laige 
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volume, the Brahmapootra, from the rapidity of its current and 
the obstacles in its chaimel, is of less importance as a means of 
internal communication. 

185. The Indus, the third great river of India, takes its rise in 
the highlands of Thibet, and after a precipitous course through 
the western Himalayas, descends into the plains, where it is aug- 
mented by the streams of the well-known Pimjab, or Five Bivers. 
These affluents, like the main stream, are the offspring of the 
Himalayas, and drain a large expanse of upland as well as fertile 
lowkni After their union near the southern extremity of the 
Suleiman lulls, the Indus receives no more tributaries of any note, 
but flows with gentle current through a somewhat arid country 
for nearly 300 miles, and then forks into a delta 80 miles long by 
more than 100 broad at its base, discharging itself by many mouths, 
only three or four of which are navigable. The annual floods com- 
mence with the melting of the Himalayan snows in April, attain 
their greatest height in July, and terminate in September. The 
winding course of the river is nearly 2000 miles, and its estimated 
drainage 312,000 square miles; but owing to the shallow and 
shifting nature of its mouths it is navigable only by vessels of 
comparatively small burden. Lying open to the great tidal wave 
of the Indian Ocean, it has, like the Ganges, a rapid and danger- 
ous haref which ascends the main channels to a distance of 60 or 
70 miles. 

186. The only rivers of importance that enter the Indian Ocean 
from western Asia are the Euphrates and Tigris — celebrated in 
ancient history, and stiQ flowing through a fine but neglected 
country. Their conjoint drainage-basin is roughly estimated at 
200,000 square nules, and both have well-marked upper, middle, 
and lower courses. The Euphrates and its affluents rise in the 
table-land of Armenia, and after a long and tortuous course the 
main river descends in rapids through the Taurus chain into the 
plain of Mesopotamia. The Tigris and its tributaries rise in a 
similar manner to the east, in the highlands of Kurdistan, pierces 
also in its middle course the Taurus chain, and thence descends by 
a slow and winding channel through the Mesopotamian plain. 
Both rivers flow parallel for a long distance through this beautiful 
I'^wlanrl, and ultimately join at Koma, a distance of 150 mile 

liead of the Persian Gulf, which receives their unite 
t development of the Euphrates, the greater river, is est 
( •( ) or 1800 miles, fully one-third of which flows througi 
urallV one of the most fertile and exuberant "The 
' Tigris and Euphrates, once the seat of an extensive 
jidipf art, civilisation, and industry (Babylon, Nineveh, 
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&c.), are now, however, nearly deserted, covered with brushwood 
and grass, dependent on the rivers alone for that luxuriant vegetar 
tion which, under an admirable system of irrigation, formerly 
covered them." The floods of the rivers are said to be very regular 
in their rise and fall — ^beginning in March, and attaining their 
greatest height in June. 

187. Australia, owing to its geological conformation, is singularly 
destitute of rivers — ^those descending the eastern counterslope of 
its hills into the Pacific being mere streams, while those flowing 
from their western slopes seem to lose themselves in the great 
central and yet unexplored plain. The Murray, with its tribu- 
taries the Darling, Lachlan, and Murrumbidjee, are the only known 
rivers of note, and these, though roaring torrents during lie rains, 
are often reduced to a mere chain of ponds and creeks in the diy 
season. Of the African rivers that enter the Indian Ocean, geo- 
graphy knows too little as yet to oflFer anything like reliable de- 
scription. So far as known, the Zambesi, now under exploration 
by Dr Livingstone, is the largest and most important, apparently 
draining an immense extent of inland country, which spreads out 
in plain-like expanses, reticulated by lakes and streams that flow 
during the periodical rains, but are desiccated and partially obli- 
terated during the season of drought. On the whole, recent in- 
vestigation seems to point to the interior of Central Africa as a 
plateau-shaped plain, deriving its main water-supply from rains, 
which form, for the most part, only temporary streams and lakes 
— ^the surplus being carried off by evaporation rather than by a 
regular system of stream and river drainage. 

188. Such is a brief outline of the chief river-systems of the 
world — ^the Arctic, Atlantic, Pacific, and Indian. Though the 
basins of which they are composed have their own individual 
characteristics, there is still a great similarity, and necessarily so, 
among the various members of a system. Thus the rivers of the 
Arctic system run more or less meridionally, flow from warmer to 
colder latitudes, and all their embouchures are for a large portion 
of the year ice-locked and impervious to navigation. By the melt- 
ing of the snows in their upper courses they are flooded before the 
thaw has reached their lower waters, and thus the plains thiou^ 
which they pass are largely occupied by lakes and morasses. T^e 
rivers that descend the southern slopes of Asia, EuTope, and North 
America, flow also in meridional courses, but pass, oa the contraiyi 
from colder to warmer latitudes, and consequently their em- 
bouchures are open at all seasons. Those of them that belong to 
the Atlantic system derive their floods chiefly froik the melting of 

\ 



the snows along their upper courses; while the inundations of 
those belonging to the Indian system depend partly on the melting 
of the snows and partly on the periodical rainfalls in their lower 
courses. With the exception of the Rio del Norte and the Missis- 
sippi on the one hand, and the rivers that enter the Mediterranean 
on the other, all the basins of the Atlantic system, whether from 
the American, European, or African continents, run in latitudinal 
courses ; and thus, from their sources to their embouchures, each 
passes along the same climatological zone. These and other great 
conditions must at once present themselves to the mind of the in- 
quiring student, and produce the conviction that the idea of river- 
systems has something more to recommend it than the mere con- 
venience of artificial arrangement. 

189. Besides the oceanic systems there are what have been 
termed Continental Systems — a few inland basins cut off from all 
connection with the ocean, and having the equilibrium of their 
waters maintained by evaporation and- absorption. The chief of 
these, as already mentioned, are the Aralo-Caspian basin in Asia ; 
the Utah and Mexican in North America ; the basin of the Andes 
plateau in South America; and in all likelihood, when better 
kaown, some similar depressions in Australia and Central Africa. 
On referring to the map it will be seen that a number of the 
streams of Central Asia — ^the Asiatic plateaux — run inland to 
lakes or lose themselves in the sand and shingle of the desert. 
This is the " Basin of Continental Streams" in Asia, and includes 
the Lob, Balkash, Helmund, and other lake-hoUows, with their 
tributary streams ; the Aral, with its main feeders the Syr and 
Amoo ; and the Caspian, with its rivers the Oural and Volga. Of 
these the most important is the Volga, which rises on the Valdai 
slopes at an elevation of 550 feet, and, after a long and winding 
course of 2400 miles, during which it receives many important 
tributaries (the Kama, Viatka, &c.), falls by two main mouths into 
the Caspian Sea, which is 82 feet below the level of the Euxine. 
The Volga is the largest river in Europe, has a fall of only 633 
feet during a course of 2400 miles, drains an estimated area of 
397,640 square miles, and constitutes the great internal water-way ^^- 
of Kussia. Th(^ seas and lakes of this basin, as indeed of all othe^ 
continental bas^s, having no escape for their waters save by evi 
poration, must I necessarily be more or less salt ; and hence th _^ ^ 

saline peculiariiies of the Caspian, Aral, Balkash, Dead Sea, Lak '- ^ 

of Utah, and ofthers occurring in these so-called " basins of con 
tinental stream*." Basins of this kind necessarily occur in rainless 
ilats and plateajux ; for were the amount of rainfall exceeding the 
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evaporation, the sheets of water would accumulate till they over- 
flowed their margins, and found an outlet, like other lakes, to- 
wards the nearest oceanic area. 



ABSTRACT OF RIVER-STSTEMS. 



Abotic. 



Obi, . 

Yenesei, 

Lena, 

Kolyma, 

Indigirka, 

Olenek, 

Anadir, 

Dwina, 

Petchora, 

Mesen, 



Saskatchewan, 
Mackenzie, 
Churchill, . 
Albany, 



Drainage Basin, 

Sq. m. 

924,800 

784,530 

594,400 

107,200 

86,400 

76,800 

63,400 

106,400 
48,800 
30,580 

860,000 

441,600 

73,600 

52,800 



Length, 

1^6 

1228 

1280 

440 

500 
600 



880 
860 



924 
964 
668 
380 



Jktklqpnent. 

Geog. m. 
2320 
2800 
2400 

800 

910 
1000 



864 
600 



1664 
1154 

850 
560 



Atlantic. 

Neva, 67,200 

Rhine, 65,280 

Vistula, 56,640 

Elbe, 41,860 

Oder, 39,000 

Loire, 34,000 

Duna, 33,440 

Niemen, 32,180 

Duero, 29,250 

Garonne, 24,450 

Seme, 22,620 

Tagus, 21,960 

Guadiana 19,360 

Guadalquivir, .... 15,000 

Weser, 13,100 

Minho, 11,840 

Nile, 520,200 

Rhone, 29,950 

Po, 28,160 

Ebro, 25,100 

Danube, 234,080 

Dnieper, 169,680 

Don, 168,420 

Dniester, 23,050 



315 
360 
280 
344 
280 
320 
280 
240 
260 
200 
220 
860 
240 
180 
200 
1Q8 



440 
800 
520 
684 
480 
520 
560 
400 
440 
320 
840 
480 
420 
260 
280 
192 

2800 
852 
560 
420 

1486 

1080 

960 

410 
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Oreat Lakes and St Lawrence, 

Coxmeoticut, . 

Delaware, . 

Orinocco, . 

Essequibo, 

Amazon, . . 

Tocantins. 

Paranahyoa, 

S. Francisco, 

La Plata, . 

Mississippi-Missouri, 

Rio del Norte, . 

Magdalena, 



Drainage Basin, 

So. m. 

29t,600 

8000 

8700 

252,000 

61,650 

1,512,000 

284,480 

115,200 

187,200 

886,400 

982,400 

180,000 

72,000 



Pacific. 



Amoor, 

Yang-tse-Eiang, 
fioang-Ho, 
Tche-Riang, 
Columbia, . 
Colorado, . 



582,880 
547,800 
537,400 
99,200 
194,400 
169,000 



LengtK 

Geog. m. 

860 

231 

180 

870 

350 

1548 

990 

560 

870 

1028 

1412 

1220 

560 



1200 

1550 

1160 

480 

576 

512 



Development. 

Geog. m. 

1800 

270 

265 
1350 

420 
8080 
1120 

744 
1400 
1920 
3560 
1840 

830 



2380 
2880 
2280 

960 
1360 

800 



Indian Ocean. 



Ganges and Brahmapootra, 

Indus, .... 

Menam, . . . . 

Euphrates, 

Godavery, .... 

Kistua, .... 

Irawady, .... 



Volga, 
Oural, 
Kour, 
Sir, . 
Amoo, 
Lob Letke, 



CONTINKNTAL 



432,480 


821 


1680 


312,000 


900 


1900 


216,000 


600 


1490 


195,680 


600 


1600 


92,800 


540 


750 


81,000 


440 


690 


331,000 


1100 


2200 


iTSTEWR. 

397,400 


900 


2400 


53,200 


560 


• • • 


64,600 


300 


640 


237,000 


600 


1200 


193,000 


800 


1400 


177.000 


620 


1000 
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190. Lake is the general term for any considerable body of 
standing water surrounded by land, and not directly connected 
with the sea or any of its branches. Lakes £ire thus strictly ter- 
restrial expanses, and belong to the land as much as the streams 
and rivers that channel its surface. Wherever there is a depres- 
sion of that surface beneath the surrounding country or the bed of 
the nearest river, there water will accumulate (unless carried off 
by .evaporation) till it rises above the lowest part of. the enclosing 
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bavB iheets <tf ad luea, bom the mraeat pools to UIub oeci^ 
WMBj thoamuia of square milea. I^kea geneaUly coauaat of j9aL 
water; bat Hme, like tbe Cuftian. and Aisl, Itanng no mai 
^aehaiffe, are miit, iriiile othen, turnip only partuJ. o^tle^ v 
hraekuA. Thej ocenr in. all ngums, bnt moat abniidaiidja 
BkcKmtaiik table-lands *tiH plateaitz, "wT oa *^^ lower reacki d 
gnat plaina. WbxTKver there ia a want of declivity, at uji^ 
■tmetioii to tiw nataial flow of the ni&ce-wBleiB, then Ulaiil 
aeeamnlate, and thii in piopoitian to tiie extent of caaiiDT,lk 
nagnitnde of the obatmctuHi, and the amoant of isin asd mn- 
bSL In eoBMijnence of lea evapocatian, ftey oecnz aba nm 
abnodantlj in low dun in hi^ <-*!*"■>■— ; and hence tliar i^ 
qoeneyand magnitode in the northern r^iona of Arm^i-m^ Dmi^ 
imd AJria, aa coupned with other ana«L 

Iftl. It iannial to arm^laku into ./bw kinds: — I. Tboaelb 

h»re neither ontlrt nor inlet — sobtoianean spiinga uid nia Kf- 

plying the water, and enpontion carrying off the excess. Ite 

are generally (rf amall dimendma — lowland pools, moimtmatMi 

aotd not nn&cqnently the eratera of extinct vi^canoea. 3. Ite 

which hare an outlet, bat receiTe no running watex-, being fU If 

apringa liaing from theiz bottom and iDcky margiiia. Ltlati 

thit elan ore alio unaH, and for the moat patt aitnated in BfU 

diatrieta. 3. Thow which, like the Cai^iian and Aral, nta* 

atreama of running water, hot have tH> vimble outlet — the Una i 

ot level being nudntatned by erapcaatum. STich lakes aie sat I 

or len impr^;uated with aaliue niatter ; and this vltnen imut b 

still on the iocreaae. 4. Thoae that both leeeive and diacbip i 

■treama of nmning water, and which form alike the moot nnnri' 

ous and mort extensiTe in both hemiipheits. i 

193. To wliatever clan they belong, lakes form enaitialelcDBti 

rf divernty in the landscape, and pCTform important fonctkn a 

the econooiy of nature. Exposing consideisble nrbces to eiy 

ration, they aerre to temper the aridity of their larpeetiTi «► 

toicta,atthe same time that they act aa so manyreaeiTOina 

which the snperabundant supplies of winter are stowd np lotfc 

increased reqnirementa of stumner. b» many inetancea therd 

na check, to the too rapid diacha^ rf river^retainiiig tor> 

«nmftl atipply what wo^ild otherwise be nm off in afeirdafN at 

rertrainmg, moreover, the detractive flood which ia b«,4»«» 

^{^^^ "^r ^""^ «> freqnenUy i« theT« 

rf river.. tW ^ "settbj« poolTSr theTbris .id »edin»t' 

tiMMr breams they discharge being pur« luid pdM 

eive may be turbid and l^en with iag^ 




ties. In thie way they get giaduallj silted up, and fonn rich 
(Unvial tracts, the while that their outlet-currents aie deepening 
thdr ctuumels and forming the means of a more efficient drainr 
age. In this waj lakes become important agents in the stirlace- 
modification of the land ; and one has only to cast his eye over 
the fertile dalea and vales of long-established regions to perceive 
hoir much of these areas was at one time a mere succession of 
lakes and morasses. Biologically, too, these fresh-water sheets 
become the habitats of a peculiar flora and fauna — thus extending 
'Uie range of Life, and affording conditions of existence that no 
other habitat conJd supply. 

1S3. In Europe there are two main lake regions — a highland and 
a lowland; the former embracing the picturesque lakes of Briton, 
Svilzerland, and Italy ; the latter the numerous sheets tltat stnd 
the Baltic provinces of Russia, Prussia, and Sweden. The high- 
land lakes generally occupy the deep narrow troi^hs of monU' 
tain^kns, and from their situation and adjuncts are celebrated 
for their scenery ; the lowland, on. the other hand, spread over 
areas little depressed beneath the snrronnding country, and are 
for the moat part tame and unattractive. The waters of High- 
land or Alpine lakes are usually retained by rocky barriers, 
throngh which tlie outflowing stream is gradually deepening its 
channel, and thus their dimensions become leas and less as the 
drainage outlet becomes deeper. On the contrary, the drainage 
of lowland sheets is often slow and sluggish ; hence a laige por- 
tion of their areas is littie else than morass, which the accumula- 
tion of aquatic vegetation and eedimentary matter is year after 
year converting into alluvial land. 

194. With two or three exceptions (Flatten See, Nieusidler 
See, &C.), the European lakes, strictly so called, consist of fresh 
water ; they have all, or nearly all, streams of ingress and egress ; 
vary in size from a few hundred square yards to several thousand 
square miles ; rise slightly with the rains of winter and &11 with 
the droughts of summer. The more notable of those in tbe 
northern lowland region are I^ea Ladoga 6330 square miles, 
On^a 3SB0, Saima 2000, Peipus 1250, and Enara 1200 square 
miles, in Bnasia ; and I^kesWener 2130, Wetter 840, and Maela~ 
760 square miles, in Sweden — the latter beii^ only three or fo 
teet above the level of the Baltic The larger Alpine lakes t 
on tlie SwiM side ; Geneva or Lenutn, 240 square miles, at 
elevation of 1230 feet ; Constance, or the Boden See, 228 squa 
miles, at an altitude of 12Q0 feet ; Nenfchatel, 114 square mile 
md 1440 feet high ; Lucerne, 98 square miles, and 1430 feet high ^ 
md Zurich, 74 square miles, at an elevation of 1330 feet : while 
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on the Italian side there are Qaida 182, Maggioie 150, and Cdmo 
66 square miles, at elevations respectively of 320, 680, and 685 
feet. In the British Isles, Loughs Neagh, Corrib, Erne, and 
Loch Lomond, respectively 150, 63, 56, and 45 square miles in 
area, and 48, 31, 130, and 22 feet in elevation, are the largest, 
though others of smaller dimensions are better known for their 
picturesque scenery and associations. 

195. In Asia, the lakes occupy three main and distinctive re- 
gions — the mountains and plateaux of the central highlands, the 
alluvial lowlands of China and Siberia, and the depressed areas 
of the Aralo-Caspian and Dead Sea. Unlike those of Europe, 
many of the Asiatic lakes are salt or brackish, and this peculi- 
arity belongs more especially to those having no river of outlet 
Respecting these salt or brackish sheets, accounts differ consider^ 
ably as to the amount of saline matter held in solution in their 
waters — a difference that may arise either from taking the speci- 
mens at different places, at different seasons, or from errors in 
analyses. Whatever the source of error, there can be no doubt that 
where new saline supplies are continually carried in by rivers and 
springs, and none carried off by running water, the percentage 
must be gradually on the increase. Of the scUine lakes the more 
important and better known are the Caspian (slightly fresher 
than the ocean), 82 feet beneath the level of the Black Sea, having 
an area of 130,000 square miles and an extreme depth of 960 feet; 
the Aral, 36 feet above sea-level, and having an area of 26,000 
square miles ; Balkash or Tengiz, having an area of 7000 square 
miles ; Urumiah (25 per cent of salts), 1800 ; Van, 1600 ; Zurrah, 
1600 ; Tongri-nor, 1800 ; Koko-nor, 1500 ; Lob, 1300 ; and the 
Dead Sea, 360 square miles, with a depression of not less than 
131 2 feet beneath the level of the Mediterranean, and containing 
from 25 to 26 per cent of saline ingredients. Of the freshrVHXter 
sheets the largest is Baikal (the " Holy Sea" of the Russians) in 
Siberian Tartary, with an area of 14,800 square miles, and at an 
altitude of 1535 feet ; and Tong-Ting, Poo-Yang, and Tai-Hou in 
China, having respectively areas of 2000, 800, and 700 square 
miles, and all valuable aids to the internal communication, com^ 
merce, and agriculture of that peculiar country. Besides these 
may also be noted Zai-zan in Mongolia, 1000 square miles ; Booka- 
nor in Tibet, 1000 ; Erivan in Armenia, 500 ; and Tiberias in 
Syria, 76 square miles, at a depression of 328 feet beneath the 
Mediterranean. 

196. In Africa there are several lakes less or more known to 
geographers ; but while the internal contiguratioii of that conti- 
nent remains undetermined, it is impossible to arrai^e them into 
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anything like systems or areas. Between the Atlas range and 
the Sahara, and fed by streams from the former, there exists a 
series of minor lakes, of which the largest (Loudeah, &c.) lies in 
Tunis ; in the hilly region of Nigritia the existence of sheets of 
considerable magnitude (Tchad, Dibbie, Fittie, &c.) has been so 
far determined ; in the equatorial region, Victoria N'yanza, Baringo, 
and other reservoirs of the Nile ; and in the southern table-land, 
several shallow and apparently fluctuating sheets (Ngami, Nyaxya, 
Taganyika, &c.) have been partially explored. Among the longer 
known lakes may be mentioned Dembea or Tzana in Abyssinia, 
at an elevation of 6270 feet, and embracing an area of 1400 square 
miles ; the deltic areas of Menzaleh and Mareotis in Egypt ; and 
the salt-water lake of Assal in Abyssinia, extending to 30 square 
miles, and lying in a depression 570 feet beneath the level of the 
Red Sea. With regard to Australia, we know that certain areas 
covered with water during the rains are but marshes or mud- 
pools during the season of drought, and that, along many portions 
of the sandy coasts, there exist saline and brackish lagoons ; but 
we are yet too slenderly acquainted with the interior to speak 
with certainty as to the existence of lahesy in the true sense of the 
term, either fresh-water or saline. 

197. In South America there are comparatively few lakes, and 
these, for reference sake, may be arranged into three distinctive 
regions — ^namely, the mountain-glens and depressions of the higher 
Andes ; the low plains that border the eastern flanks of the 
Andes ; and the still lower river-plains that trend toward the 
Atlantic. Of the Andian lakes the most remarkable is Titicaca, 
situated at an elevation of 12,847 feet, embracing an area of 3800 
square miles, and stamping peculiar features on the scenery, life, 
and civilisation of the surrounding district It is fed by several 
streams from the Andes, but discharges itself by a single outlet, 
the Desaguadero, which after a short course disappears, partly 
by evaporation and partly by absorption into the sandy and arid 
soil through which it flows. Of the lakes that skirt the Andes 
on the east, many of them are of temporary nature, being exten- 
sive sheets during the rains, but mere marshes and salt pools 
[wilvnas) daring the period of drought. In the lower plains of the 
Plata, Amazon, and Orinocco there exist many creeks, lagoons, 
and stagnant areas that appear in the dry season as lakes, and 
dtuing the rains as one vast area of inundation. 

198. In North America the lakes may be said to aflect only 
two main districts — a highland and a lowland ; the former the 
troughs and depressions of the Eocky Mountains from Panama 
on the south to Columbia on the north, and the latter the north- 
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the rocky crast reappear at the surface as springSf which, accord- i 

ing to their situation, may be superficial or deep-seated ; accord- 
ing to their supply, temporary, intermittent, or perennial ; accord- 
ing to their temperature, cold or thermal ; and according to the 
rocky material through which they pass, either pure or mineral 
-—that is, impregnated less or more with saline, calcareous, silice- 
ous, chalybeate, and other mineral and metallic substances. By 
their union, springs and surface rivulets form gtreamsy and these 
streams occurring most abundantly in hilly regions imite, one 
with another, as they descend to the plains, and there ultimately 
fonn riverSy whose continually augmented volumes constitute one 
of the most important features in the hydrography of the globe. 

The liighest or farthest-off spring to which we can trace a river 
constitutes its source or rise; and from this source, through all its 
windings till it finally falls into the sea by one or by many mouths, 
lies its course. It is usual to divide river-courses into upper, mid- 
dle, and lower stages — ^the upper being characterised by ravines 
and waterfalls, the middle by rapids and cataracts, and the lower 
by a broad gentle current which often finds its way into the ocean 
by several branches through a low-lying and marshy delta. The 
track worn or hollowed out by running water constitutes its 
channel, and the land that forms the margins of this channel is 
known as its hanks — ^that on the right hand as we descend the 
current being termed the right bank, the left hand the left The 
streams that enter any river or main current from either side form 
its affluents or tributaries, and the entire expanse of country 
drained by a river and its tributaries is said to be the basin of 
that river. An ideal line, connecting the ultimate sources of all 
the tributaries of a river, forms the toatershed of its basin ; and 
generally speaking, the ridge from wMch the streams of a country 
flow in opposite directions is the watershed of that region. As 
aU the streams of a river-basin fall to the lower level of that 
basin, so several river-basins may descend to the stUl broader basin 
of some sea or ocean, and all such basins discharging themselves 
into the same sea constitute a river-system. 

The river-systems are necessarily coincident with the great 
oceans into which they flow ; and thus we have the Arctic, tlr i 

Atlantic, Pacific, and !bidian systems, together with a few inl 
systems whose streams flow towards certain depressed areas 
gether cut off from connection with the ocean. These are ^i 

Aralo-Caspian basin, the Utah, the Mexican, the Bolivian, ^ ^^ 

whose waters flow inwards to certain lakes, and are thence car: 
off by evaporation. Where the slopes of a country are pre 
uniform, the surface waters are at once carried off by streanas ai*' 



'. — ii^ _ "^z. :,Hrfp .;lz. ^'^nooK. ^'je: g: tiifiee la^Bee both 



'-^ «-.«:.^ii '-J ■=tsi»5' OLZ* jLz^Tx- ly^-.rt- or. liiiF pactaan of 

— !^- '-C r_ 2ji iLz.«*- .aI^s. a t isrmi- and OFveLnpiiienBlz of 

- • -=! A. lift ^ ".i. ' jrg-r>-.-A -Win- a. .t^^^ Joiinstan ; tt to 

.'.-rjr:.* .*,•. «• a* ji"'«',iriirr-r : 'na r3.T^ -T-^*nsii ap in .geB£za], in 

-AS' V'mmtrSL •. .ttstas. t-.. .^rjii 3- (E XTi^ia: TDfiTTt ; and modi 

xJCi ~<^j>±^ jk. .' d^ nisrritnrr-: mu ixa*"^ i«r zfibea&ecl iram. boc^ of 

•sa -c ur-\v»*«rv «« Iak -cn -oisii^jl flf &ir3^ zT^'d?- BF 1^ Jkmaam, 

X^ ^ z^*^^ 1' ^^ ";T..T;ir. -jsIUJifc. filiL Ttmr-jaf-lTismpr TtmUjh^^ 

«, ^ii«^u«::!^«jL^ 1^ «n:3<-^ijEixfe< -voLLi uL rr^-g^-iinnty jumui it to man- 
jtftr/^'.-«.;^4^'jul ti^9Kn;CfxiUfr » 'Uit^ a^i^ars oc c^>£9s^ ; and tiieae the 



XL 



THE ATMOSPHERB — CLIMATOLOGY. 



Nature and Constitution of the Atmosphere. 



] 99. Haying^ in the preceding chapters^ directed attention to 
the leading features of the Land and Water — the mountains, 
table-lands, and plains of the one, and the seas, lakes, and rivers 
of the other — ^we now proceed to consider the main relations 
of the Atmosphere or aerial envelope (Gr. atmos, vapour, and 
vphmTOy a sphere) by which the whole is surrounded. What is 
the nature and composition of this envelope, what its capacity for 
heat and moisture, what are the motions to which, as an elastic 
fltiid, it is subjected, and generally, what are its conditions as the 
great medium of climate (heat, cold, winds, rains, &c.) on which 
Uie Life of the globe is so intimately dependent ? This varied 
subject of climatology belongs more especially to the science of 
Meteorology ; but as an integral portion of the globe, and bear- 
ing on everything — organic and inorganic — ^that presents itseK at 
the surface, the atmosphere and its principal phenomena become 
important themes to the student of Physical Geography. 

200. As already stated in paragraph 19, the atmosphere sur- 
rounding the globe, and partaking in all its motions of revolution 
and rotation, is an aeriform fluid consisting of nitrogen and oxygen 
gases — 79 parts of the former to 21 of the latter by volume, to- 
gether with a small and variable percentage (.05 to .10) of carbonic _ 
acid gas and other impurities. These gases are merely in a stf'* 
of admixture or diffusion, as is also the iavisible vapour w^ 
•e is ever present in the atmosphere. This sp 

is alike indispensable to vegetable and animal ^'y^ 

is and plants breathe, if we may so speak, the ' - 

carbonic acid is exhaled by the former, it is absor 
ilated by the latter, which in turn exhale oxygen . 
rements of the animal kingdom. By this means tL 
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and lighter yolumes will ascend, and the colder and denser rush 
in from all sides to supply the vacancy. In this way currents 
or toinds are originated in the atmosphere, and on these currents 
depend in a great measure the essentials of climatic diversity. 
As a property of the gaseous or aeriform nature of the atmo- 
sphere, the vapour or minute watery vesicles, generated from the 
earth's waters by the heat of the sun, ascend and are diffused 
through its mass in an invisible state. This humidity of the 
atmosphere also decreases with the height, and this in so rapid 
a ratio that at the altitude of 5 or 6 miles it is all but inappre- 
ciable. These vapours, invisible at first, become visible on being 
condensed by colder currents ; hence arise fogs, mists, rains, 
snows, and other kindred phenomena. The effective portion of 
the atmosphere, so far as its heat and moisture are concerned, lies, 
therefore, within a few thousand feet of the earth's surface, all 
above the limit of 5 or 6 miles being inoperative or nearly so in 
the production and regulation of climate. As the atmosphere is 
the medium through which the sun's heat is conveyed to and dis- 
seminated over the earth, so also it is the medium of his light- 
giving rays. Heat and light are alike indispensable to plants and 
animals, and, from the peculiar constitution of the atmosphere, 
as regards its varying density, moisture, &c., both are reflected 
and diffused so as to become most available to vegetable and 
animal life. 

[With regard to the fundiona of the atmospheref the following beautiful 
passages from the pen of our early friend and fellow- worker — Uie late Dr 
Geoi^ Buist — will be appreciated by the student whose mind is duly 
alire to the chain of harmonies that links together the remotest members 
of our cosmical system : — *' We have already said that the atmosphere 
forms a spherical shell, surrounding the earth to a thickness which is un- 
known to us, by reason of its growing tenuity, as it is released from the 
pressure of its own superincumbent mass. Itiis upper surface cannot be 
nearer to us than fifty, and can scarcely be more remote than five hundred J 

miles. It surrounds us on all sides, yet we see it not ; it presses on us 
with a load of fifteen pounds on every square inch of surface of our bodies, 
or firom seventy to one hundred tons on us in all, yet we do not so much as 
feel its weight. Softer than the finest down, more impalpable than the 
finest gossamer; it leaves the cobweb undisturbed, and scarcely stirs the 
lightest flower that feeds on the dew it supplies : yet it bears the fleets of 
nations on wings around the world, and crushes the most refractory «ph« i 

stances by its weight. When in motion, its force is sufficient to level v 
the earth the most stately forests and stable buildings, to raise the w 
of the ocean into ridges like mountains, and dash the strongest sb 
pieces like toys. It warms and cook by turns the earth and the 
creatures that inhabit it. It draws up vapours firom the sea and lai jur i j] 

tains them dissolved in itself or suspended in cisterns of cloudf ^* ^1 

throws them down agaio, as rain or dew, when they are require! 
bends the rays of the sun from their path to give us the aurora oi 
morning and twilight of evening ; it disperses Mid refracts their var 
tints to beautify the approach and the retreat of the orb of day. But 



mmd &3 as in 

^ ^ .a. iiTiwir frooA iBidiilgfat dazk- 

^ jx«» -%! -wCl^as. "So soCtea and beau- 

; butthe 




off 

-« . *p«r- «< rr*^ . 1 u'^ SM^ r «£ r*ts 'Sls 3xid of caoBump- 

"- •.. ..* : aa-w- "• .SM» t-oc Tz**^ ^-m axronal. vUdi fe qu i rw 

^ -- ^- . ^. vz-^ -"^'-^^ r *m^ p^mrviiBQco. is over. Itii 
i«- '•" . .. -■ -^ .*v — - ^-1^ 3a»jL» ofc ^-x .« mjrtit C31- Tk» eadwoio 

»> > •!> 1 . ^— . -.r r?m. — u =_» ~xa» or "ai^ aiur p « w j ea k a its way 

-•."•-. * i» "• ^ ~ ? a-*--T-r*- zat .:r»- ■■ 'nnim -ai* akis of tibe Sfle 

* -■*•>. X w -r^ r aATVfr a» «• -ir* «: ^.i^^iamiv. wfii take of it to 

-• -- w »— "^ n^ ^Bk .ss^::- i»i. 'M- sa- -anaai «xim tnBS aigo liy tiM 
















^ 






rr^^^*** «*«<«£? Ja:2W -imua^^ jt Tr«!-»niasMmc=aMi, if 



^c'^^t^ilv^'iia^KLi 



.c,ii^ -5je^^ j£ ilimate^ tae 



^ (£Uf cHft Bi&v be 



ITS HEAT AND MOISTURIB. 189 

dependent on the heat of the sun — the amount conveyed from ' 

within (paragraph 18) or radiated from the moon and other ex- 
ternal sources being by far too feeble to have any perceptible 
influence. As is well known, the solar rays exercise iJie greatest 
effect within the tropics, where they fall vertically or nearly so 
on the earth's surface, and that this effect graduaUy declines as 
we proceed through the temperate zones towards either pole. In 
other words, the higher the angle at which the sun's rays strike 
the earth the greater their heating power, and the lower the . 
angle the less the amount of heat imparted. We feel the truth 
of this every summer-day, when the sun is high arhead during 
the scorching noontide, and when his beams fall at a lower angle 
during the cooler afternoon. At whatever inclination they fall, 
there is always, as before explained, a certain amount of heat 
lost or extinguished in passing through the atmosphere ; and this 
amount for nearly vertical incidence within the tropics has been 
estimated at one-third ; for inclinations of less than 25 degrees 
at fully one-half ; while at inclinations of 5 degrees scarcely one- 
twentieth of the solar heat is supposed to reach the surface. In 
this way 23° 44' 40'^ on either side of the equator forms a belt 
within which the solar heat received is equal to what is received 
by all the rest of the world ; hence the student will perceive the 
applicability of the terms "torrid," ''temperate," and "frigid" 
zones. Keeping out of view all minor modifications produced by 
the peculiar disposition of sea and land, as well as by the sun's 
alternate passage to the northern and southern hemisphere along 
the course of the ecliptic, it may be received as the first great 
axiom, that the superficial temperature of the globe is highest 
under the vertical incidence of the sun's rays near the equator ; 
and that it gradually becomes lower and lower as we proceed to- I 

wards either pole, and this in proportion to the obliquity at which i 

the heat-giving rays faU upon the surface. 

205. The heat lliat falls on the land being partly absorbed and 
partly radiated into the atmosphere, the lower aerial strata, or 
those nearest the influence of this radiation, will be warmer than 
those at higher elevations. The rate at which this diminution 
takes place depends, as has been shown by Mr Glaisher's ballo oi* . 

ascents in 1863, on many correlative circumstances — dryi | 

moisture, currents, &c. ; but as an approximative rule, tb 
crease may be reckoned as equal to 1° of Fahr. for every 5 
350 feet of ascent In this way the lower plains of a regioi C ■ ^i 

he teeming with vegetation while the higher mountains are e r 

oped in perpetual snow. We have thus two great causes al 
lug the superficial temperature of the globe--distance from. « 
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the nnequal reception and radiation of the sun's heat by the ' 

respective surfaces of land and water. The heat falling on the 
land is partly absorbed and conducted downwards into the soil, 
and partly radiated into the atmosphere. The amount absorbed 
will differ according to the colour, slope, and character of the 
land (dry, firm, and dark-coloured soils being most favourable for 
absorption); and according also as it is naked or shut out from the 
sun's rays by a covering of vegetation. The amount radiated dif- 
fers with almost every passing condition of the atmosphere — eradia- 
tion going rapidly forward under a still, clear sky, while a cloudy 
atmosphere, or even a passing mist, serves to retard it. The 
greater quantity of heat absorbed by day is given off by night ; 
and the amount accumulated during summer is returned to the 
atmosphere during winter. The depth thus affected by summer's 
heat or winter's cold will differ according to latitude, soil, and 
situation, — ^the soil in Siberia, for example, being never thawed 
beyond tlie depth of a few feet, while under the equator the sun's 
influence has been known to extend to the limit of 90 ; but, on 
the whole, it may be safely asserted that beyond 60 or 80 feet the 
temperature of liie earth's crust is little or at all affected by ex- 
ternal influences'^ Indeed, for all practical purposes the superfi- 
cial temperature of the land, as affecting climate, may be regarded 
as confined to a very few feet beneath the surface — ^^e slow con- 
ducting power of the soil and capillary attraction of moisture from 
below combining to limit its downward tendency. 

207. On the other hand, the heat that falls on the water is much 
more readily absorbed, but more slowly radiated, so that, being 
diffused by waves and currents, it penetrates to a considerable 
depth, and accumulates within the mass of the ocean. The heat 
that falls on any zone of the land is absorbed and radiated wholly 
within that zone ; whereas that falling on any zone of the ocean J 

is diffused and interchanged between every other zone. As the 
ocean radiates its heat more slowly than the land, and exposes 
more than thrice the surface to the sun's rays, it becomes, as it 
were, a great storehouse of heat for the exigencies of the land. It 
is for ti^ reason that islands and seaboards possess a milder 
and more equable climate than the interior of continents — ^bein^ — 
warmer during winter and cooler during summer. The Brit' 
I " ,j, with their comparatively cool simimers and mild vari 
li " ^is said to possess an inmlar cliimxU; while 

any, with its excessively hot summers and 
n the contrary, to possess a ccmtmental dim. 
ades, imaffected, of course, by winter, the intei 
.3 always much warmer than the sea -coasts au 
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adjacent ialandB. It is alao for thk reason that the northern and 
sonthem hemiapheres, having unequal distributions of sea and 
hmd, are differently affected in their zones of climate— the greater 
extent of land in the northern imparting to it, as it were, a con- 
tinental climate ; while the greater expanse of ocean in the south- 
em confers on ite similar latitudes more of an insular climate. It 
is, further, to this unequal reception of heat by land and water 
that we owe the phenomena of sea and land breezes. During 
day the atmosphere immediately above the land is more rapidly 
heated by radiation than that above the ocean, hence the cooler 
searbreeze sets in towards the land to restore the balance ; while 
during the absence of the sun the more rapidly cooled land-atmo- 
sphere sets out as a Lmd-breeze towards the more slowly cooling 
surface of the ocean. In fine, it is mainly owing to the unequal 
distribution of sea and land, and to the different modes in which 
the two elements are affected by the sun's heat, that we owe the 
great essentiaU of climatic diversity— the air and ocean-currenla, 
the vapours and rains, of one region, varying from the winds, 
currents, and moisture of another. 

208. Whatever the temperature of the air, it is incessantly receiv- 
ing fnaisture from the surface of the land and water. This vapour 
arises and is diffused through its mass in an invisible form, and 
becomes visible only when condensed into mists, fogs, rains, and 
snows. It arises alike from land and water, but most copiously 
and persistently, of course, from the surface of the water. The 
superficial moisture of the land, unless where clothed withv^eta- 
tion, is rapidly converted into vapour ; but the supply from this 
source is irregular and limited compared with that derived from 
the water. Surface for surface, salt water is less vaporisable than 
fresh ; hence a slight check to evaporation from the vast and ex- 
tended surface of the ocean. It arises from rivers, lakes, and seas 
in every latitude, but most abundantly, of course, within the 
tropics, where the sun's heat is the greatest. So great is the 
evaporation within that zone, that it bas been estimated as an- 
nually suflicient to reduce the surface of the sea to a depth of 8 or 
10 feet — a waste, of course, that is incessantly counterbalanced by 
influx from other latitudes. The warmer the air the greater its 
capacity for moisture ; and this capacity for holding moisture in 
suspension increases up to the point of saturation, when any re- 
duction i« **«iperature produces condensation, and rain ensues. 

Oft'* * 

^ -ase of other meteorological phenomena, the ci^ 

^^ sd with the production and retention of atmo- 

ff extremely complicated : but in general terms 
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it may be stated that heat is the grand promoter of evaporation ; 
that a gentle current of air, by removing the pressure of the 
Tapour as it is formed, is more favourable than a stagnant atmo** 
sphere ; and that it is retarded by moist and cloudy conditions of 
the air, even though the sensation of heat be considerable. As 
previously mentioned, the himiidity of the atmosphere is confined 
chiefly to its lower strata ; and so rapidly does the quantity di- 
minish as we ascend, that at the height of five or six miles it be- 
comes all but inappreciable. The quantity of moisture evaporated 
from the surface of the globe may differ from day to day, and from 
year to year ; but on the whole, and for any given number of 
years, it is returned again in the state of dew, rain, hail, or snow. 
Understanding the general conditions of the atmosphere as re- 
gards its heat and moisture, we may now proceed to its special 
effects in the production of winds, rains, and other kindred pheno- 
mena. 



Winds — ^ConBtant, Periodical, and Variable. 

210. As already explained, any current of the atmosphere pro- 
duced by inequality of temperature or density is termed a wind 
— the denser and colder air rushing in to supply the place of the 
lighter and warmer. In other words, tpirid is air in motion; 
and the most frequent cause of such motion is disparity of tem- 
perature between adjacent districts. As inequality of temperar 
ture is ever arising cdike from general and from local causes, the 
occurrence of winds is incessant and universal, either along the 
earth's surface, or in the higher strata of the atmosphere. While 
the colder current is ^owmg below from the colder to the warmer 
region, a warm current is floating above from the warmer to the 
colder. As the homogeneity of the ocean is maintained by its 
currents, so the equilibrium and uniformity of the atmosphere is 
preserved by its winds. These winds, having different times, 
directions, and characters, are necessarily arranged into different 
classes, and distinguished by various designations. 

211. As regards times, those blowing constantly in one dix' 
tion between, and within a few degrees beyond, the tropics 
Trades), are spoken of as permanent vdncls; those blowin 
certain periods (the Monsoons, &c.), as periodical; and t 
obeying no fixed period, as variable. As concerns direction, 1. 
are distinguished by the points of the compass, as North, Soi. 
East, West, South-west, South-south-west, &c., according to i 
quarter from which they blow. And as regards inherent or ci 
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matic characteTy they are cold or hot, dry or moisty gentle or 
boisterous, healthful or unhealthful, according to locality and 
other accompanying conditions. One of the most obvious charac- 
teristics of winds is their velocity, which may vary firom a few 
miles to upwards of a hundred miles an hour ; and between these 
extreme rates we have every variety, from the gentlest zephyr to 
the most violent hurricane. According to meteorological authori- 
ties, a velocity of 7 miles per hour is regarded as a gentle air ; of 
14, OS a light breeze ; of 21, a good sailing breeze ; of 41, a gale ; 
of 61, a great storm ; of 82, a tempest ; and of 92, a hurricane, 
producing universal devastation — tearing up trees and sweeping 
away buildings. Or more minutely, according to their velocity 
and force, they have been arranged as follows : — 



Velocity in Miles 
per Hour. 


Force in lb. Avoird. 
per Square Foot 


Common Appellation. 


1 

4 
5 
10 
15 
20 
25 
30 
85 
40 
50 
60 
80 
100 


.005 

.079 

.128 

.492 

1.107 

1.968 

8.075 

4.429 

6.027 

7.878 

12.800 

17.715 

81.490 

49.200 


Breath of air. 

Gentle air. 

Li^ht wind. 

Brisk wind. 

Li^ht breeze. 

Brisk breeze. 

Stiff breeze. 

High wind. 

Uale. 

Strong gale. 

Storm. 

Great storm. 

Harricane or tempest. 

Violent hurricane. 



212. In whatever character they occur, winds are important 
agents in the production and modification of climate. By their 
agency the moist and heated atmosphere of one region is trans- 
ferred to another ; and on their agency also depend, in a great 
measure, those currents of the ocean which are ever producing 
interchanges between the colder and warmer surface-waters of 
different latitudes. Besides these great climatological functions, 
they are intimately concerned in the production of rains and other 
aqueous phenomena ; while their incessant commotions tend to 
preserve the atmosphere in ever-healthful equilibrium. They are 
the great bond, as has been well observed, between the land and 
water surfaces — ^transferring the moisture of the one to the thirsty 
uplands of the other, and the dry cold air of the former to dispeise 
and rarefy the humid and depressing atmosphere of the latter. 
Geologically, winds have considerable effect in removing, piling 
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up, and re-assorting all loose superficial matters, as the sand- 
dunes of the sea-shore and the sand-drift of the desert ; while 
through the agency of the ocean-waves, which are created by 
their power, important changes are produced along every shore 
of the world. In their gentler manifestations they assist in the j 

fertilisation of plants and in the dispersion of their seeds ; while j 

in their fiercer demonstrations their track is marked by ruin and | 

devastation. By their impulse the commerce of distant nations is 
wafted from shore to shore ; and fickle and fitful as they may | 

appear, man not unfrequently avails himself of their power to 
turn the wheels and shafts of his machinery. 

213. The most remarkable of the permanenJty constant, or peren- 
nial air-currents are the Trade Winds (so called from their influ- 
ence on the trade or commerce of the world), which, within the 
torrid zone and a few degrees beyond it on either side, are ever 
sweeping round the globe in a westerly direction. This is occa- 
sioned by the fact that the region near the equator is most in- 
tensely heated — the other zones becoming colder and colder 
towards either pole. Under these circumstances, the air of the 
torrid zone becomes rarefied and ascends, while the colder and. 
denser air sets in from either side to supply the deficiency. There 
are thus generated two great sets of currents — colder under-cur- 
rents setting in towards the equator respectively from the north 
and south, and warm upper-currents flowing off from the equator 
towards either pole. If, then, the atmosphere were subject to no 
other influence than temperature, a north wind would always pre- 
vail along the earth's surface in the njorthem hemisphere, and a 
south wind in the southern hemisphere. But as the polar currents 
proceed towards the equator, they gradually come into zones 
having a greater velocity of rotation, and thus they are deflected 

in a westerly direction (as exhibited in the accompanying Sketch- i 

Map), so as to become a northreast wind in the northern hemi- ^ 

sphere, and a south-east wind in the southern. 

214. In the Pacific, the north-east trade -wind may be said to 
prevail between the 25th and 2d degree of N. latitude ; while the 
south-east trade ranges more widely between the 10th and 21ftfc m ^ j 
of S. latitude. In the Atlantic, on the other hand, the for' 

is comprised between the 30th and 8th degree of N. lati' 

and the latter, within the 3d of N. and the 28th of S. lati ^ 

These limits, however, are not altogether stationary, but de l " ^ 

on the seasons — advancing towards the north during the sun 

of the northern hemisphere, and receding to the south as the 

withdraws to the southern t^pic. Within these somewhat flue 

ating zones, the trade-winds are steady and perennial, travellii 
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at the Tate of from ten to twenty miles an hoar, and wafting oo- 
wanU in safety the merchandise of the globe. As they approach 
the continents, their courses become inteirapted in ccmseqneiice 
of the unequal heating of the land and water anilacea ; hence 
within these coast-Areas they assume the chaiacter of periodical, 
Tather than of constant currents, being deflected at certain sea- 
sons from their normal directions^ 

215. As the north-east and south-east trades approach the 
equator of temperature, their currents begin to Dcul, and this 
effect, augmented by the upward tendency of the hig^y heated 
air of that region, produces a zone or belt of cahna, which fluctu- 
ates a few degrees north and south, according to the seasons. If 
the approaching trades be equally reduced in any locality, a dead 
calm will be the result ; but as this is seldom tiie case, the zone 
is also characterised by short gusty winds, which vary in force and 
direction according as either main current prevails. This tone of 
calms and variables, as it is termed, is further characterised l^ 
the frequency and intensity of its thunder-stonna— the crossing 
and collision of currents of unequal densities being fayourable to 
the manifestation of electrical phenomena. In the Atlantic, the 
region of calms (sec Sketch-Map) ranges in August between 3° snd 
12^ N. lat ; but in February it extends from V 15' to 6° N. lat 
A portion of this zone near the Cape Verde Isles is known to 
sailors as the '' rainy sea ;" and is described as ^ a r^on doomed 
to continual calms, broken up only by terrific storms of thunder 
and lightning, accompanied by torrents of rain. A suffocating 
heat prevails, and the torpid atmosphere is disturbed at intervals 
by short and sudden gusts, of little extent and power, which blow 
from every quarter of the heavens in the space of an hour — each 
dying away ere it is succeeded by another. In these latitudes 
vessels are sometimes detained for weeks." In the Pacific, the 
region of calms is comprised within the 2d degree of north and 
south latitude, near Cape Francis and the Galapagos Islands— a 
narrow belt separating the two trades, and characterised by the 
some phenomena as the calm zone of the Atlantic. 

216. Besides the trade-winds, which are the most persistent of 
all aiirial currents, there are certain winds in the higher latitudes 
that also blow with considerable continuity. The. heated air 
which ascends from the tropics, and flows off towards either pole, 
gradually descends as it proceeds ; but as it passes from latitudes 
having a high to others having a less rotatory velocity, it is de- 
flected from its original course, and assumes a Muth-easterly direc- 
tion in the northern hemisphere, and a noaih-easterly in the 
southern. In this way the prevailing winds in Ahe higher latitudes 
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aphical peculiarities of the regions in which they occur. 
. April to October, the soiUk-tveat monsoon prevails north of 
£uator, and the south-east in the southern hemisphere ; but 
October to April the north-west monsoon blows south of the 
or, and the north-ecLst in the northern hemisphere. Of course, 
a-ther from the equator, the later in the season will the south- 
and north-west monsoons occur ; and thus it happens that in 
.y at Anjengo, on the Malabar coast, 8° 30' N. lat., the south- 
monsoon commences as early as the 8th of April ; at Bombay, 
N^. lat., about the 15th of May; in Arabia it commences a 
th earlier than on the coast of Africa; and in the northern 
of Ceylon, fifteen or twenty days earlier than on the coast of 
^mandeL 

*^9. The cause of the monsoons is to be sought in the effect 
luced by the sun during his apparent annual progress from 
* tropic to the other, and has been thus explained: — ''In the 
'Han Ocean, for example, as the sun- advances towards the north, 
^ zone of greatest rarefaction recedes from the equator, and the 
>Hh-east monsoon (which is nothing more than the trade-wind) 
**n subsides, and is succeeded by calms and variable winds ; but 
« the summer approaches, and the sun arrives at the northern 
opic, the southern portions of the Asiatic continent become 
otter than the ocean, and the humid air from the equatorial seas 
ows northward to the land ; south-west winds will therefore arise, 
vhich prevail from the peninsula of India to the Arabian Gulf, 
jitil the time of the autumnal equinox. During the same period 
lie south-east monsoon, in the southern hemisphere, tempers the 
*^eat of Lower Quinea, and brings rain to the shores of Brazil. 
The motions of the atmosphere, however, are reversed as the sun 
crosses the equator and approaches the southern tropic. Pouring 
his fervid rays upon Southern Africa, the vast tract of New Hol- 
land, and the splendid clime of Brazil, the air flows in from the 
north and north-west towards these highly heated regions, and 
winds from these quarters prevail for several months — ^the mon- 
soon extending along the coast of Brazil from Cape St Augustine 
to the Isle of St Catherine. But now the influence of the sun *•— ^ 
partially withdrawn from Southern Asia ; it glows no longe 
neath its vertical rays, and over the cooled earth the nort^ 
monsoon resumes its wonted course." 

220. Equally remarkable for their persistency, though Ic ^. -^ 

their areas and limited in their times, are the land and sea b-i 
which occur on almost every seaboard, but most notably, of co 
within the tropics. As formerly explained, these breezes i 
from the unequal heating of the land and water surfaces, and 
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stood if we remember that in advancing along their course the 
Bouth-west tends always to become more west, and the north-east 
more and more east ; we shall see that the result of this disposi- 
tion ought to be, whenever they meet and change places, a rota- 
tion from west by north to east, and from east by south to west. 
In the place of the conflict of the two currents, the wind wUl then 
blow successively from three different regions, and in this order, 
until it is established in the direction of that one of the currents 
'which has overpowered the other. But no one of these transition 
winds blows for any great length of time. In the southern hemi- 
sphere the order of succession is the reverse." 

[Referring to the winds of the northern hemisphere, the eloquent author 
of ' Earth and Man* has the following suggestive remarks : — "This con- 
flict of polar and equatorial winds, opposite in character and direction, 
^ives to our climate one of its most characteristic features, that change- 
ableness, that extreme yarietv of temperature, of dryness, and of moisture, 
of fair weather and of foul, that uncertainty of the seasons, which always 
Iceep the merchant and the farmer in anxious suspense, between the hojpe 
of a good harvest and the fear of a dearth. Not only are the variations m 
the same year considerable, but they are still more so from one year to an- 
other. The system of these currents oscillates from east to west, and 
changes place. The polar winds will prevail in a country, and will en- 
danger tne crops by the prolonp^ed dimness of their atmosphere ; while 
further east or west the trade- wmd will spread fertility by its beneficent 
rains. Or the opposite : the south winds acquire such a preponderance, 
that the harvests perish by the moisture ; while, at a somewhat greater dis- 
tance, on the limit of the same wind, Nature^lavishes idl her treasures upon 
the labourer. It has been remarked that a^ mild winter in Europe corre- 
sponds frequently to a severe winter in America and Asia ; while the mild- 
ness of the winter in America affords a presumption of a colder winter on 
the other side of the Atlantic. The years 1816 and 1817 were marked, 
as is known, in the history of Europe, by a general famine and distress. 
The wet was such that the harvests failed entirely. But the south-west 
wind, which blew without cessation over the western part of the continent, 
and which drenched it in its vapours, did not extend beyond Poland ; and 
- it was the south of Russia whose com supported f amishea Europe for many 
long months. Then was revealed the commercial importance of those 
countries, hitherto unknown, and constancy increasing since. Who does not 
still remember the immense impulse given to the commerce between Europe 
and America by the drought of 1846, which damaged the corn-crop in Europe 
while America had an abundant harvest ? These examples alone tell us 
the important part played in the life of nations by those variations of the 
atmospheric currents belonging to our temperate countries."] _ 

222. Generally speaking, in the higher latitudes of the nor" 
em hemisphere, a south wind is warm and moist, because it cc 
from warmer regions, and passes over a greater extent of oc 
while, on the contrary, and for opposite reasons, a north wii i^ .rj 

cold and dry. It is for this reason that the westerly and so 
westerly winds of Europe are humid and genial, and the north k 
north-easterly hard and ungenial. These major currents axe 
course much modified in their passage over certain localities, an 
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i-caxLes that visit (generally from June to November) the seas of 
3iatliem China, and the adjacent archipelago of the Philippine 
Q-d. Molucca islands. Cychne (Gr. hikloSy a circle or whirl), on 
tte otlier hand, is now the technical term applied by navigators 
> tliose rotatory hurricanes which occur most frequently between 
^e equator and the tropics, and near the equatorial limit of the 
'^a.d.e-'wiiids. They sweep round and round with a progressive 
iotion, their course describing a curve, and their violence being 
reater the narrower the limit of their whirl. In both hemispheres 
3.e rotation of a cyclone is contrary to that of the sun — ^those in 
tie northern hemisphere moving coimter, so to speak, to the 
lotion of a watch -hand; those in the southern following that 
lotion, as indicated in the following diagrams: — 



N/ 



Fig. 1. 



Fig. 2. 
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rotation of HunicaneB in the Northern Hemisphere ; 2, General 
. x'Otatiou of Hurricanes in the Southern Hemisphere. 



^1 la ftj/o'W^i^DLg succinct statement of the characteristics 



-oxies may be found useful by way of rt 
fully ascertained that in both hemisphi 
c- %^^'^ cf^^^^^'^^^^ rotates in a direction contrary to that of i 
^^t tJ^tix^ Jct<=>^*rfcliem hemisphere, the course of the sun beii 
\xith^9 "'i^s^^JSt, and north, the course of the hurricane i 
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from north by west, south, and east ; and in the southern hemi- 
sphere, the sun's course being east by north, west, and south, the 
honicane runs from north by east, south, and west. 2d. They ro- 
tate in the space between the equator and the tropics, near the 
equatorial limit of the trade-winds. 3d. There is no instance on 
record of a hurricane having been encountered on the equator, nor 
of any one haying crossed the line, though two have been known to 
be raging at the same time in the same meridian, but on opposite 
sides of the equator, and only l(f or 12^ apart 4th. Their move- 
ment, which is always oblique, from the equator to the poles, is 
usually from east to west at first, and towards the end west to 
east, which is but a development of the gyratory motion that 
forms their most essential characteristic. 6th. The motion of 
translation varies from so low as 9 miles an hour to 43 miles an 
hour. There is no precise estimate of the velocity of the gyra- 
tory motion. 6th. Tliey are liable to dilate and contract in area, 
the contraction always implying a great accession of violence. 



XII. 
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Dew, Bain, Hail, Snow, &c. 

226. Closely connected with the winds, and greatly influenced 
in their character by them, are the dews, rains, snows, and other 
aqueous phenomena which enter so largely into the determination 
of climate. The consideration of these subjects belongs especially 
to the province of Meteorology, but as much may be here recapi- 
tulated as will enable the student to trace their connection with 
the subject of Physical G^eography. As already stated, insensible 
Vax>our to a greater or less amount is always present in the atmo- 
sphere as one of its accidental ingredients. The warmer the air 
the greater its capacity for this moisture ; hence the greater amount 
taken up during the heat of the day. After sunset the earth and 
edr lose their heat by radiation into space, but the former parts 
with it more rapidly ; hence on its cooled surface the moisture in 
the air is condensed as deuH^ivat as the outside of a cold-water 
bottle is bedimmed or bedewed with moisture on being brought 
into the warmer air of a sitting-room. Dew is, therefore, the mois- 
inire insensibly deposited from the atmosphere on the surface of 
tihe earth ; and what is termed the dew-point is that temperature 
>f the atmosphere at which it begins to be precipitated. The 
juantity of dew deposited during any night may be ascertained by 
k drosometer (Gr., dew-measurer) ; and perhaps the most simple 
)roce8S is to expose to the open air bodies like locks of wool, whose 
ixact weight is known, and then to weigh them afresh after they 
are covered with dew. 

227. Dew never begins to be deposited upon the surface of an 
>ody until it is colder than the contiguous atmosphere ; and tl 
[iiantity deposited depends chiefly upon the humidity, serenit 
tud tranquillity of the atmosphere, as well as on the constitutio:. 
Tirfjftce, and locality of the bodies receiving the moisture. Stil 
lear nights are, therefore, more favourable for the deposition oi 



206 THE ATMOSPHERE — CLIMATOLOGY. 

dew than windy and cloudy ones ; and all substances like glass, 
silk, wool, grass, &a, which rapidly lose their own heat and slowly 
acquire that of others (that is, good radiators but bad conductors), 
are susceptible of being copiously bedewed ; while substances like 
rocks and metals, which possess opposite qualities, contract but 
little dew. Bodies freely exposed to the atmosphere are more 
rapidly bedewed than those in any way screened or sheltered : and 
those near the soil more copiously wetted than such as are placed 
only a few inches higher. It ia thus that the grassy turf is often 
pearled with dew while the taller herbage is comparatively dry ; 
and the open country refreshed when the fall within towns is im- 
perceptible. In temperate zones, where the frequent interchange 
of Sim and shower preserves the earth from the extremes of h&it 
and moisture, very little dew is deposited ; but in tropical r^ons, 
where the day-heat is excessive, and no rain falls for months, the 
dews are most abundant and refreshing. But for this beneficent 
arrangement many intertropical coimtries would be altogether 
sterile and barren of vegetation. It must be remembered, how- 
ever, that over arid deserts, where the air is excessively dry, there 
will be little or no dewfall, no matter what the intensity of noc- 
turnal radiation. And in contrast to this it may be noticed that 
(all other things being equal) the most abundant dews occur in the 
neighbourhood of coasts, lakes, and rivers, where the atmosphere 
is in general more highly charged with moisture. 

228. When the temperature of the air is reduced below that of 
the invisible vapour it contains, the moisture becomes visible, and 
appears as fogs, mists, and other kindred phenomena. These fogs 
occur most abundantly along the courses of rivers, on mountain- 
sides, over shoals and banks at sea, and generally along the sea- 
boards of continents and islands ; and this obviously in consequence 
of the imequal temperature of the contiguous leoids and waters. 
" In countries," says Kaemtz, " where the soil is moist and hot, 
and the air moist and cold, thick and frequent fogs may be ex- 
pected. TMs is the case in England, the coasts of which are 
washed by a sea at an elevated temperature. The same is the case 
vnth. the polar seas of Newfoundland, where the Gulf Stream, which 
comes from the south, has a higher temperature than that of the 
ir." like dews and rains, fogs exercise a refreshing influence 
1 vegetation ; and in some countries, like Peru, their occurrence 
periodical and regular. Clouds have been defined as '^ masses 
.' visible aqueous vapour which float in the sky, or drift through 
c with the wind, assuming every variety of colour and form." As 
clouds, they exercise but an indirect effect on terrestrial climate ; 
and it is only when they break, by further condensation^ into rain, 
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snow, and hail, that they come directly within the province of the 
geographer. 

[''Meteorologists distinguish, according to form, and consequently physical 
characters, three primary sorts of clouds— the cirrus, cumulus, and stratus ; 
and four tecondary or transition sorts — the cirro-cumulus, cirro-stratus, 
cumulo-stratus, and nimbus. The dmis or curl-cloud (the catstail of 
sailors) is composed of thin filaments, the association of which resembles 
ourla of woolly hair, and at times a filmy texture of network. It is the 
higfhest of all clouds, resting all but motionless in the thin blue atmosphere ; 
and is by some supposed to consist of frozen vapour or light flakes of snow. 
The cumtUus or heap-cloud (the ball-of-cotton of sailors) is generally a 
spring or summer cloud, and presents itself in the form of rolling hemi- 
spherical masses resting on a horizontal base. Sometimes these hemi- 
spheres are built one upon the other, and form those great clouds which 
accumulate on the horizon, and resemble at a distance mountains covered 
witii snow. The strains or spread-cloud is a horizontal band, which forms 
at sunset and disappears at sunrise. Under the name of cUrro-cumulus are 
designated those httle rounded clouds which are often called woolly clouds; 
and when the sky is covered with them it is said to hejleecy. The drro- 
strcUus is composed of little bands of filaments, more compacted than those 
of the oiiTus ; for the sun has sometimes a difficulty in piercing them with 
his rays. These clouds form horizontal strata, which at the zenith seem com- 
posed of a great number of thin clouds ; whilst at the horizon, where we see 
the Yertioal projection, a long and very narrow band is visible. When the 
cuonulus clouds are heaped together, and become more dense, this species 
of cloud passes into the condition of cumtUo-straXus, which often assumes at 
the horizon a black or bluish tint, and passes into the state of nimbM, or 
rain-cloud. The latter is distinguished by its uniform grey tint and its 
fringed edges ; and the clouds of which it is composed are so compounded 
that it is impossible to distinguish them."] 

229. The precipitation of water from the atmosphere in the 
form of rain depends chiefly on the further condensation of clouds 
and fogs by the commingling of colder and warmer currents. 
The capacity of air for moisture decreases at a faster rate than 
the temperature, and thus the mingling of two currents only 
slightly differing in temperature may so reduce this capacity, that 
heavy rainfalls will take place even where there is no great de- 
crease in atmospheric warmth. Where the temperature of the 
air fsdls below the freezing-point (32^ Fahr.), tiie atmospheric 
vapour may be converted into mow; or if rain has been already 
formed in the upper air, the drops in passing through strata be- 
neath the freezing-point will be converted into hail. Bain, hail, 
and snow are thus to a certain extent convertible phenomena: 
hail occurring in all latitudes and climates ; but snow only in the 
colder latitudes, and at elevations where the thermometer con- 
tinues below 32°. Winds being the great natural agents by which 
the colder and warmer masses of the atmosphere are brought into 
combination, rains will occur most frequently where these cur- 
rents are shifting and variable. Where the winds are constant and 
of equable temperature, rain seldom happens, unless at point 
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232. As may be expected, the annual rainfall of these different 
regions Dvill differ very widely ; and will be attended, of course, 
by proportionate results — ^heavy falls being beneficial in hot coun- 
tries (unless they occur with such violence as to denude the sur- 
£EU^e of its soil), and moderate supplies in temperate and milder 
zones. In the British Islands the annual fall (as ascertained by 
Tain-gauge) ranges from 24 to 60 inches, or has an average of about 
36 inches; while in tropical coimtries the mean is upwards of 200 
inches. As much, however, as 229 inches has been noted in Dutch 
Guiana, 276 in Brazdl, 302 at an elevation of 4200 feet in the 
Western Ghauts, south of Bombay; and in the Ehasia Mountains, 
at the head of the river-flats or Jheels of Bengal, upwards of 600 
inches, or 50 feet, have been registered by several observers. At 
the same place, Dr Hooker has recorded 30 inches in twenty-four 
hours ; 21 inches have been noted at Cayenne during the same 
period ; and 23 inches are not uncommon near Port Jackson in 
New South Wales. 

[Referring to the ezceanve rainfall at Kfaasia, and its effects in carry- 
ing off the soil and denuding the surface, Dr Hooker, in his ' Himalayan 
Journal,' has the following instructive passage : — '' The climate of Khasia 
is remarkable for the excessive rainfall. Attention was first drawn to this 
by Mr Yule, who stated that in the month of August 1841, 264 inches 
fell ; and thiat during five successive days 30 inches fell in every twenty- 
four hours. Dr Thomson and I also recorded 80 inches in one day and 
night, and during the seven months of our stay upwards of 500 inches fell, 
so that the total annual fall perhaps greatly exceeded 600 inches, or 50 
feet, which has been re^tered in succeeding years ! From April 1849 to 
Apnl 1850, 502 inches fell. This unparalleled amount is attributable to 
the abruptness of the mountains whicn face the Bay of Bengal, from which 
they are separated by 200 miles of jheels and sunderbunds. . . . The di- 
rect effect of this deluge is to raise the little streams about Churra 14 feet 
in as mauT hours, and to inundate the whole flat, from which, however, 
the natural drainage is so complete, as to render a tract, which in such a 
climate and latitude should be clothed in exuberant forest, so sterile, that 
no tree finds support, and there is no soil for cultivation of any kind, not 
even of rice ; owing, however, to the hardness of the horizontally-stratified 
sandstone, the streams have not cut deep channels, nor have the cataracts 
worked far back into the cliffik The limestone alone seems to suffer, and 
the turbid streams from it prove how rapidly it is becoming denuded. 
The great mounds of angular g^vel on the Churra flat are perhaps the re- 
mains of a deposit, 50 feet tmck, elsewhere washed away by these rains ; 
and I have remarked traces of the same over many slopes of the hiUs 
around."] 

233. Extending the facts alluded to in the preceding para* 
graphs, the rainfall of the globe may be arranged under three 
gieat heads — the periodical of the tropics; the variable of t^ 
higher latitudes ; and the abnormal of certain districts where 
occurs either in excess or is altogether absent. Within 
tiopics the rainy season commences at the shifting of the m< 
scons ; and as this change is dependent upon the position of t. 

o 



210 THE ATMOSPHERE— CLIMATOLOGY. 

Bun, it be^ns earlier in those regions that lie near the equator 
than in those more remote. In general terms, the rainj season in 
the northern half of the torrid zone may be said to commence with 
April and last till October, while the dry season extends from 
(Xtober till April. In the southern half this order is reversed — 
the (Irv^ season embracing from April till October, and the season 
of rain from October till ApriL In Africa, for injBtance, near the 
etjuator, the wet season begins in April and continues till October; 
while in Senegambia it does not commence till June, and then 
lasts till November. In India, on the Malabar coast, the rains 
commence early in May, but do not reach Delhi till near the end 
of June. In the New World, also, the rain falls at Panama early 
in March, but it seldom appears in California before the middle 
of June. 

234. Commenting on the periodicity of the dry and the rainy 
season ^dthin the tropics, M. Guyot makes the following lucid and 
graphic remarks : — " Whenever the trade-wind blows with its 
wonted regularity, the sky preserves a constant serenity, and a 
deep azure blue, especially when the sun is in the opposite 
hemisphere ; the air is dry and the atmosphere cloudless. But in 
proportion as the sim approaches the zenith, the trade-wind grows 
irregular, the sky assimies a whitish tint, it becomes overcast, 
clouds appear, sudden showers accompanied by fierce storms ensue. 
They occur more and more frequently, and turn at length into 
floods of rain, inundating the earth with torrents of water. The 
air is at this time so damp that the inhabitants are in an inces- 
sant vapour-bath. The heat is heavy and stifling, the body be- 
comes dull and enervated : this is the period of those endemical 
fevers that destroy so great a number of the settlers who have 
come from the temperate zones. But vegetation puts on a new 
freshness and vigour ; the desert itself becomes animated, and is 
overspread for a few months with enchanting verdure which 
furnishes pasture to thousands of animals. Nevertheless, ere long, 
the sun in his annual progress advances to pour down his vertical 
rays upon other places ; the rains diminish, the atmosphere be- 
comes once more serene, the trade-wind resumes its regularity, 
and the heaven shuts its windows once again until the following 
season. Such is the normal course of the tropical rains. They 
fall everywhere during the passage of the sun through the zenith. 
The heat is then so violent that the ascending current neutralises 
the horizontal trade-wind. It hurries the vapours to the heights 
of the atmosphere and the upper limit of the trade-wind, wheie 
they are condensed and fall back in a deluge of rain." 

SK36. Of conzBe, within the tropics as elsewhere^ the regularity 
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of the periodical rains is interrupted by the configuration of the 
Hand, mountain-chains, and similar causes ; hence the peculiarities 
tihat mark the times as well as intensities of the wet and dry seasons 
of such areas as the east coast of Africa, the Bed Sea, the Malabar 
coast, the Coromandel coast, and the coasts of Australia. On the 
3falabar coast, for example, the south-west monsoon (coming from 
Ihe humid region of the equatorial ocean to supply the place of the 
liighly rarefied air of the heated continent) is said to be " ushered 
in by terrific storms of thunder and lightning. The water pours 
down in torrents, and when the thunder has ceased, nothing is 
Iieard for several days but the rush of the descending rain, and 
the roar of the swelling streams. In a few days the storm ceases, 
and the earth, which before was withered by the glowing atmo- 
sphere of the dry season, is now, as if by magic, suddenly clothed 
with the richest verdure ; the air above floats pure and babny, 
and bright tropical clouds sail tranquilly through the sky. After 
this, the rains fall at intervals for the space of a month, when they 
again return with great violence. In July they attain their 
height, and from that time gradually subside until the end of 
September, when the season closes, as it began, in thunders and 
tempests." On the eastern, or Coromandel side, the order of 
things is reversed. The south-west monsoon, in passing over the 
Western Ghauts and the central table-land of the Deccan, parts 
-with all its moisture, and reaches the eastern side as a hot, dry 
v^ind ; and it is not till the north-east monsoon begins to prevail 
in October that the rainy season is experienced on the coast of 
Coromandel 

236. Beyond the tropics the rains no longer occur at stated 
periods, but become varicMe — ^that is, are distributed throughout 
the year in a very irregular and uncertain manner. In some coun- 
tries they occur most frequently in winter ; in some, in spring and 
autumn ; and in others, again, most abundantly in summer. Thus, 
the amount that falls in the west of England in winter is said to 
be eight times greater than that in summer ; in Germany the winter 
and summer amounts are about equal ; but in St Petersburg the 
winter fall is little more than a third of what descends in summer. 
Again, in Britain, there are more rainy days in winter than in 
summer; but in Siberia it rains four times as often in summer a^ — 
in winter. The countries of Europe bordering the Mediterranr 
are generally regions of winter rains; while those of wes' 
Europe are distinguished rather by the abundance of their 
tumnal rains. In Europe north of the Alps, the north-east wi *■ 

(as coming from the higher and colder latitudes) are comparativ^^ 
dry ; while those from the south-west (from the humid expan^ 
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that descends from the atmosphere when the temperature of the 
air at the surface of the earth is near or below the freezing point 
of water. Of course, at the sea-level within the tropics, and for 
fifteen or twenty d^prees beyond them in either hemisphere, snow 
is unknown (see Rain and Snow Map in Atlas) ; and it is only dur^ 
ing winter that it falls in the higher latitudes, and at consider- 
able elevations. In the polar regions, and at extreme heights in 
all latitudes, it becomes perennial; and this limit at which it 
remains unaffected by the heat of summer is known as the mow^ 
linCf or, less accurately perhaps, as the line of perpetual cfmgdor 
turn. The lower the latitude — ^that is, nearer the equator---the 
higher the snow-line, which descends constantly, but somewhat 
insularly, according to the nature of the situation, as we pro- 
ceed towards either pole. The following diagram will convey 
some idea of its gradual descent from 16,000 feet at the equator 
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down to the sea-level at the poles. From the equator to latitude 
30° there is little variation in the height of the snow-line, imless 
there be some peculiarity as regards winds and moisture in the 
sitaation ; but from 30° to 60° the descent is very rapid, and the 
hmit rapidly approaches the sea-level, as was formerly noted in 
Chap. VI., on Mountains and Mountain-Systems. As hoar-frost 
may be said to be frozen dew, and snow frozen mist, so haH may 
be described as frozen rain. It occurs in all latitudes and at aU 
seasons; and though the producing causes are not always discern- 
ible, it seems mainly dependent on the meeting of aerial currents 
of greatly unequal temperatures, as well as on peculiar electrif 
conditions of the atmosphere. Falling in pellets from the siz 
a pea to that of a pigeon's egg, hail-storms are frequently 
destmctiye, but luckily are always restricted to limit^ areas, 
of short duration. Sleety which is an admixture of snow 
rain, or of small particles of hail and rain, generally occurs c 
ii]g squally weather in spring and autumn, and seems to !• 



.1 



. _, jM Lfae laiii fiwm floe, 

»^ ■ ""^^BfTT - ^ -^ ^ ■■■■- 




^^ B ■> 



^ ■ «M.B I 



"•4 •■*■ "i^ 



„_^ above 

-Tt^larlacnds within 

^ '^^ ^v the feffing*^ 
..^ -ironraL From lii» ««' 
ivai«iicte»> S?*" 
Ai'oiiBBcia (Fr.) 



•"s*.^ 



"T-'i 



^ ^-'- T. 



** " • "^ ~. •' J^ -*. 



'T"'^ 



^/ rzMi -alleys and^^ 
'Tt-^n to dfiscflw 

for the <ifi<^^^''*^ 

jtxtMjanisaaBB (ff 
.^ jimL Eacvines of 

, jroii boiMl^ 
3^ >£ die fe30« 



■ ■>J 




i 



CAUSES AFFECTING CLIMATE. 215 

of Buch ice are familiar phenomena both in arctic and antarctic 
waters — ^the bergs of the north being seldom carried southward in 
the Atlantic beyond the 44th parallel of latitude, while those of 
the south are not unfrequently found northward as far as the Cape 
of Good Hope, or, on an average, at 10 degrees lower latitude. 

240. As climatological agents, snow and ice have considerable 
influence on the regions in which they occur. Accumulating on 
mountain-heights, they are the perennial sources of the springs 
and streams that descend to refresh and fertilise the thirsty low- 
lands ; while in tropical countries the winds that pass over them 
are cooled, and flow downwards to temper the sultry atmosphere 
of the plains below. Masses of floating ice are productive of 
similar results, the seas and coasts in their vicinity being cooled 
by their presence, and fogs and rain-storms generated as they 
melt away. In the higher latitudes, on the other hand, where the 
winters are severe, snow forms a warm covering for the soil (the 
snauhUanket, as it is termed by farmers), and greatly defends 
vegetation from the rigour of the frost. Within the polar circle, 
also, the darkness of the long winter is considerably diminished by 
the snouhsheen or snouhhlink — snow reflecting, instead of absorb- 
ing like the bare ground, the faint light that there proceeds from 
the sky. The grinding, grooving, and smoothing effects of glaciers 
on rock-surfaces, and the rock-transporting powers of icebergs, 
are facts now well known to Geology ; and though their consider- 
ation belongs more immediately to that science, the results now 
and in time past cannot be altogether overlooked by the student 
of Physical Geography. 



Causes affecting Climate. 

241. In its technical sense, the term climate (Or. klima, an ia- 
clination) denotes an imaginary belt of the globe parallel to the 
equator, and so called by the earlier geographers, because the 
differences of these climes depend on the inclination or obliquity 
of the sphere. Between the equator and the polar circle there 
were twenty-four such climatic belts — each depending on the in- 
creasing length of the day (half an hour^s increase for each b^'^*"" 
and of course expanding in breadth from the equator towarr 
poles. From the polar circles to the poles there were six 
—the differences of the longest day in their case being c( J 

by monthly periods instead of half-hours. The term is no^ ^ 

ployed in a much wider sense, as embracing the entire wea 
:(mditi(ms of any district, and as such we shall now proceec 
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Sach is the general climatic order as regards latitade ; though, 
owing to the smaller extent of land, the decrease of heat as we 
deport from the equator is more rapid in the southern than in the 
northern hemisphere— so that, on a general average, the latter is 
about 3^^ warmer than the former. 

243. Altitude is the next great modifier of climate, but owing 
to many correlative drctmistances (prevalent winds, slope, prox- 
imity to the sea, &c.), its operation is not altogether uniform. 
As fonnerly stated, a decrease of 1^ Fahr. takes place in the lower 
regions of the atmosphere for every 300 or 350 feet of ascent ; but 
at great heights and in extreme latitudes the decrease is more rapid. 
As it is, under every latitude the loftier mountains (Himalayas, 
Alps, Andes, &c.) are perpetually covered with snow ; the higher 
plateaux (Mexico, Bolivia, Armenia, Tibet, &c.) are several de- 
grees colder than the contiguous lowlands ; and in temperate zones 
such table-lands experience much greater extremes of summer's 
heat and winter's cold than the surrounding districts — having, 
like Spain, Armenia, and Persia, summers of tropical heat and 
winters of almost polar severity. Another great cause of modifi- 
caticm is the unequal reception and radiation of heat by land and 
water (par. 206), by which islands and sea-coasts are rendered 
cooler in summer and warmer in winter than inland tracts — creat- 
ing what has been termed insidar and continental climates, 
Britain, New Zealand, and Tasmania enjoy, in this respect, insular 
climates ; Qermany, central Bussia, and Tartary, continental ones. 
Connected with this, and depending on the set of the trade-winds 
and ocean-currents, may be noticed the observation of Humboldt, 
that the continents and larger islands in the northern hemisphere 
are warmer on their western than on their eastern sides ; while 
in the southern hemisphere the reverse holds good — the western 
being the colder and the eastern the wanner. 

244 It would exceed the limits of a text-book to describe in 

ietail the many causes concerned in the modification of climates ; 

nit besides those of latitude, altitude, and proximity to the sea, 

.' 1><> noticed the following: — 1. The direction of mountain- 

w'hich, by intercepting cold winds, renders the countries 

h' warmer than those on the other; and in like manner, 

V ] >ting moist winds, favours the production of rain on tb^ ^ 

slopes and droughts on the leeward or sheltered decl' 

• astern slopes of the Andes, for example, intercept 

• '-winds from the Atlantic; their counter-slopes on 
;iie arid and rainless. 2. The general inclinatioi 
■strict, as this may lie to the heat of the morning i 
1, or be turned to the feebler rays of his afternoon ai 



t14 ntS ATSMMPBEBB— €XZ3IATf»j(Mnr« 

iMf<«7>iTWf WI«»ip»ion. 3. Owii«f to th^r (lifEennC capacrriBa Socfletfi- 
th# npiwti v^ iiMMm and crmti^msdon of the land, and "Wrter ^W^T 
*<f*'<'t th4» rUnMtte pf^cnlianties of a comiknr: ami tins am mraK 
iMwl w^m\ w\n*\t* ^neiaily oome froBi the aea^ while cold, ani «iiT 
on<«* Mow fmin the land — m the ^eaboanl baa a nMaaTani cionn?' 
«k y thnt pivv««ntH radiAtion, while die iyttvrmr haa & SBr^aK: » 
thHt fHVr>ni9 it and lowen the t«npexatiize — amd aa thda lafft- 
tion in pp*»at*T in mmmer dian in wintef; and. ctiiuioqnPTiriy^ nt- 
t*«rf**T»«« with the junoant of heat directly ibck^bA fison. tnit 
(«nn. 4. The pT«vaiUnj( winds of a legicnLr aa tlieae may" be «3Bii 
or wurm, dry or humid. The westerly winda of catr awn. irianit 
ar*» humid and wamv— the easteiiy axe cold and dry; henfie me 
^rf«nf4>r rainfall and mildnem of our wesfeeoL luaat"!! aa conigBed 
with th«» miRt^rn. 5» Aa widi winds, ao in. Uke manner wili 
th*» ififln^ncfi of oc4<anic cnrrenta. The Golf Sitrrmnt, by brhignig 
warmth and moiRtare, mitigates the winter rlfmatifr of we^oa 
ICnro|i«< ; thu Arctic enrrent, on die otfai» hand, teanpezs the aims- 
mi*r r.)imat« of the eastern riioies of Nostfa. AnieTTBa> ^ Tlie 
(llfwti/Jti of river-plains and ▼alleva, aa litey open, out to fefimp- 
al»l«i wiml« and oeesn^enTrenta. The weateziy recqCinn. rf Ae 
lUiifii* Win pfodnees a ftner climate than tlie easteady tr&sdc£^ 
f )Ariti)^i fvfn ihonf^ the ktter he aew&al degrees fisther aoa^ ; 
and ih« Mmthirrl/ slope of the TaQey <tf the fihfflie eojc^s mkbi- 
il(« Mtikmrnn in the weatwardly-trendiiig hnaiwa of ^e lioiie and 
(}Afofin<«« 7, (^nltiration has also a mariced ^Stct on. t^e dimate 
(4 A n<rtintf;f— ih« felling of ioretU, daixangi^ lakes 
Afid ih<f \ikfi, lieing all lATOioaUe to greater 
gmmiA Afn«nii/, 



lioM of Equal Heat, fte. 

24f'. Un(W circumstances mentioned in the preceding pais- 

graphtt, it will remlilj be perceived that the belts of climate can 

^ no meana correipond with the parallels of latitude, but that it 

wquinsa a long 0eriei of observations to determine the seatonal 

^^^^atureg of uummer and winter, and also a careful average 

«Ui^ *If tJf^'^^ ^^® '"^^ yearly temperature of any given 

•9««i aJtitud *yr^**'® ^^ *^® globe had been all water, or all land 

» f^e« of cJWfi! ^f'*^^ 1^ of latitude would have determined 

»»ture. ♦!.- -"»,^^^y''^'^ifl not being the case, the daQy tem- 

«d% mC Jr*""*"' temperatures, a^ weU as the 

'3021 • *^^ ^^ places m tlie same lati- 
' ^*^t terably. In this way tlie maximum 
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summer heat of an island may be seyeral degrees below that of a 
continental country between the same parallels^ while its winter 
temperature is many degrees higher. In this way, also, the mean 
annual temperature of some island or sea-coast may be equal to that 
of some inland district situated several degrees nearer the equator. 
A series of lines drawn through places having the same summer 
temperature show these variations at a glance, and are termed 
isotheral lines (Gr. igos, equal, and theros, summer), or lines of 
equal summer heat ; those through places having the same winter 
temperature, isochdmonal lines (Or. isosy and chetmon^ cheimcmMy 
winter); and those connecting places of the same mean annual 
temperature, isothermal lines (Gr. isos, and thertne, heat). The 
difference between the summer and winter temperatures may 
amount to 2°, 20°, 40°, or more degrees of Fahrexdieit ; but the 
isothermal lines show the mean amount of heat received through- 
out the year, and, of course, are the more correct indicators of the 
general climatic conditions of any given locality. In the accom- 
panying Sketch-Map the isotherms are laid down for every ten 
d^;rees, and their bendings northward and southward (according 
to distribution of land and water, altitude, distance from sea, &&) 
convey to the eye instructive proofs of the operating causes ad- 
verted to in the foregoing paragraphs. 

[In amplification of the preceding remarks on Climatology, the follovr* 
ing passage from Mrs Somerville may be read by the student with advan- 
tage:— ''Places having the same mean annual temperature often differ 
materially in climate. In some the winters are mild and the summers 
cool, whereas in others the extremes of heat and cold prevail. JBngland is 
an example of the first ; Quebec, St Petersburg, and tne arctic regions are 
instances of the second. The solar heat penetrates more abundantly aod 
deeper into the sea than into the land ; m winter it preserves a consider 
able portion of that which it receives in summer, and from its saltness does 
not n^eze su soon as fresh water; hence the ocean is not liable to the same 
changes of temperature as the land, and by imparting its heat to the winds 
it diminishes the severity of the climate on the coasts and in islands, which 
are never subject to such extremes of temperature as are experienced in 
the interior of continents. The difference between the influence of sea 
and land is strikingly exemplified in the high latitudes of the two hemi- 
spheres. In consequence of the unbounded extent of the ocean in the 
south, the air is so mild and moist that a rich vegetation covers the groimd, 
while in the corresponding latitudes in the north the oountnr is barren 
from the excess of land towards the Polar Ocean, which renders the air 
dry and cold. A superabundance of land in the equatorial regions, on tbe 
contrary, raises the temperature, while the sea tempers it. 

''Professor Dove has shown from a comparison of observations that 
northern and central Asia have what mav be termed a true continental 
climate both in summer and in winter — that is to say, a hot summer and 
cold winter; that Europe has a true insular or sea climate in both 
seasons, the summers being cool and the winters mild ; and that in North 
America the climate is inclined to be continental in winter, and insular in 
summer. The extremes of temperature in the year are gr^lfa* in central 
Asia than iu North America, and greater in North America tham in Eurqie^ 
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nd that diffsrenoe increases everywhere with the latitude. In Guiana, 
rithin the tropics, the diflference between the hottest and coldest monl^ 
a the year is only 2^.2 Fahr., in the temperate zone it is about 60°, and at 
fakutsk, in Sibexia, 114^4. Even in places which have the same latitude, 
M in northern Asia compared with others in Europe or North America, 
he difference is vexy great. At Quebec the summers are as warm as those 
n Paris, and grapes sometimes ripen in the open air, yet the winters are 
IS severe as those in St Petersboi^. In short, lines drawn on a map 
lirough places having the same mean summer or winter temperature are 
leither parallel to one another, nor to the isothermal or geothermal lines, 
\nd they differ still more from the parallels of latitude."] 



NOTE, BECAPrrULATOBT AND EXPLANATOEY. 

In the two preceding chapters attention has been directed to the 
ITlimatology of the globe — ^that is, to those weather-conditions on 
nrhich its v^etable and animal life are so intimately dependent, 
rhe main medium of climate being the Atmosphere, it was neces- 
lary to advert to its nature and composition as an integral portion 
if our planet As an aerial fluid, it consists of an admixture of 
79 parts nitrogen and 21 oxygen, together with a small but yari- 
ible proportion of carbonic acid gas, traces of ammonia, &c., and 
iJways holding in suspension less or more of aqueous vapour in a 
mible or invisible form. Constituted as plants and animals are, 
Has composition is indispensable to their existence — ^the former 
issimilating carbonic acid and. exhaling oxygen, the latter, in 
counterbalance, exhaling carbonic acid gas and consuming oxygen. 
Light and invisible as this aerial envelope may appear, it exerts a 
pressure on the earth's surface, at the sea-level, of about 14f lb. 
avoirdupois to the square inch — a pressure which is balanced by 
SI column of mercury 30 inches in height ; hence the barometric 
Tolumn of the meteorologist, and the ri%e arid fall of the barometer 
iCGording to changes in the weight of the atmosphere. As an 
Elastic or compressible medium, its lower strata are denser or 
tieavier than those at great elevations ; and as its capacity for 
tieat and moisture decreases with its rarity or attenuation, t> 
bigher regions of the air are colder and drier than those at a lo 
elevation. 

As the medium through which the light and heat of 
sun are conveyed to the terraqueous surface, the atmosphei 
partly owing to the varying inclination of the sun's rays, '*. 
partly to the unequal reception and radiation of heat by la. 
uid water— becomes variously heated in its different regions, an 
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which snow remains unaffected hy the heat of Bunimei- (the 
o»-lifu) variea with the latitude — descendii^ from 14,000 or 
,000 feet at the equator t« near the sea-level at either pole. The 
itadiaal limit, north and south (the moiihlimi^, varies also ac- 
cding to tlte distribution of sea and land — receding and advanc- 
; as either element prevails. The perpetual presence of snow 
d ice on lofty mountain-ridges and polar uplands gives rise to 
aUmchet, gloiaert, and ic^erg* — phenomena whose geological 
luences are not less apparent than their cliniatologicaL 
The causes which affect the climate or weather-conditions of 
f locality are thus extieraelj varied — latitude, altitude, distri- 
tion of land and water, proximity to tbe sea, prevalent winds, 
"ection cf mountain-chains, slope, nature of soil, cultivation, and 
: like, all more or less exerting theii modifying influences, 
at and moisture, however, are the great regulators of climate ; 
i thus, in general tenns, climatological zones may be said to 
urease in importance from the equator to the poles. Neverthe- 
B, this decrease by no means coincides with the parallels of 
itude ; hence to determine the mean temperature of any locality, 
meious thermometrical observations have tJi be made at hourly, 
ily, monthly, and yearly intervals. The results of such observa- 
ns enable the meteorologist to connect plac«s having the same 
nmer, winter, and mean annual temperatures ; and hence the 
leme of exhibiting them at a glance by means of itoiheral, ieO' 
limonal or itocheimal, isothermal, and other lines. 
To the student who would enter more fully into the considera- 
u of the atmosphere and its phenomena, and especially into the 
>ject of climatology as affecting the plant^life and animal-life 
the globe, we would recommend perusal of some treatise on 
teoiolc^, as that by Professor Eaemtz (an English translation 
wliich appeared in 1845); the essay by Sir John Herschel, which 
I been republished from the 'Encyclopaedia Britaunica;' Dr 
omeon's 'Elements ;' or the still briefer and simpler compila- 
1 of Professor Btocklesby of Hartford, U.S., — a work of much 
ater merit than pretension. 
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trial and aerial — ^mto flowering and flowerleBS — ^into trees, slirubs, 
herbs, grasses, mosses, lichens, sea-weeds, &c. — belongs to the 
province of Botany ; and of animals into aquatic, terrestrial, and 
amphibious — into mammals, birds, reptiles, fishes, shell -fish, 
&c. — ^belongs in like manner to the province of Zoology. What 
the geographer has more especially to consider is their distribu- 
tion over certain areas, the physical conditions apparently con- 
cerned in their restriction to these areas, and the dependence of 
the one kingdom upon the other, as completing the economy of 
nature. As it is life that gives to creation its highest interest, 
so the consideration of its relations becomes the highest theme of 
our subject. For the sake of brevity, the term jiora (Lat.) is 
employed to designate the plant-life of a region or epoch, and the 
term fauna its animal-life ; hence we speak of the ^' Flora of 
South America '* and the " Fauna of South America," as well as 
of the Flora and Fauna of the Tertiary, the Chalk, or any other 
geological period. 

248. So far as the eye, or the eye aided by the microscope, can 
perceive, life is everywhere present — ^in the air, on the earth, and 
in the water, or even parasitic on and within other plants and 
animals. Unless, perhaps, among the perpetual snows and ices 
of the poles and lofty mountain-peaks, or in the extreme depths of 
the ocean, its manifestations are sufficiently apparent ; and even 
in these situations some forms unknown to observation may find 
a permanent or temporary home. And yet, imiversal as life may 
appear, it is confined to the merest film of the terraqueous globe. 
A few thousand feet above the sear-level on land, and a few thou- 
sand feet beneath it in the waters, limit this stratum of life on 
either hand. Thickest at the equator, it thins out towards the 
poles ; and densest near the sea-level, it becomes rarer and rarer 
the more it rises above or falls beneath this line of greatest inten- 
sity. Heat, light, moisture, and nature of soil are the great r^u- 
Lators of life on the land ; heat, light, depth, nature of bottom, 
ind saline composition, the main regulators in the ocean. Were 
Lt not for these causes there is no reason why the same forms of 
life should not prevail in every region from the equator to 
poles, and from the shore-line to the darkest abysses of the c~ 
The influence, however, of external conditions is insuperable 
palm of the tropics would dwarf and die in the temperate 
;he whale of the Greenland seas would perish in the waters 
equator ; the rush that luxuriates in the marsh would wit^ 
transferred to the arid upland; the shell-fish that swaim w. 
^he influence of the tides would die if submerged to the dept. 
I few hundred fathoms ; the fresh water that forms the vital t 
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operations, however, oan never extend beyond a mere modifica- 
tion; for over and above his control remain the great conditions 
of heat, .light, moisture, &c., which ever govern the main geogra- 
phical arrai^ements of plants and animals ; and it is to these in 
particular that the limits of a text-book will permit ub to refer. 



Plant-Life— its Diatributjon and Goveroing Couditions. 

S51. As already mentioned, heat, light, and moisture are the 
principal conditions affecting the terrestrial distribution of vege- 
table life. These conditions have their greatest intensity near the 
e<]aator; hence the greatest exuberance of vegetation with in. the 
tropics, and its gradual declension as we proceed towards either 
pole. As might be anticipated, however, this declension ia 
governed more by the iaotherms than by the paraUels of latitude 
— the mean amount of annual heat being the predominant con- 
dition in vegetable distribution, though the amount of smnmer 
heat (iaotheral) baa also much to do with its ripening and perfec- 
tion. The mean annual temperature of two places may be the 
same, and yet the summer tempeiature of the one may be 10° 
higher than that of the other, whUe the winter temperature may 
be 16° or even 20° lower. Much, therefore, in Botanical Get^raphy 
depends upon the amount of heat which a plant receives during 
the period of its greatest activity, and this, in general, is regulated 
more by the monthly than by tJie annual isotherms. The zones 
of vegetation shading more gradually into each other than the 
astronomical zones (torrid, temperate, and frigid), botanists make 
.1 minuter subdivision of the e^h's surface into equatorial, tropi- 
al, sub-tropical, warmer-temperate, colder-temperate, sub-aretic, 
irftic, and polar — each characterised by some peculiar feature, 
iiough partaking on either aide of the forms that belong to the 
wo adjacent zones. 
252, The eqimtorial zone, bounded by the isotherm of 79°, is 
miiisture is present, by its luxuriant vege- 
i central regions of Africa from shore to 
1 the southern portion of the Indian peni'" 
1 Archipelago, the northemmoBt parts 
if and other Pacific islands in the same la 
JMjuatorial South America, including Co' 
B&e northern parts of Brazil- Succulent 
Towers, gigantic parasites and climbers, ar. 
L bamboos, &c.), orchids, palms, bananas, b. 
ate, Bilk-cottons, banians, Adansonias, and 
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like, are tjrpical of thifl belt, the greater portion of whicli, for rea- 
sons given in the preceding chapter, lies to the north of the equator. 

253. The tropical zones, extending to the isotherms of 73|° on 
either side of the equator, include, in the New World, Bolivia, 
Brazil, and Paraguay in the southern hemisphere, and the West 
Indies, Yucatan, Guatemala, and part of Mexico in the northern ; 
while in the Old World it embraces Nubia, Senegambia, Madagas- 
car, Mauritius, and North Australia in the southern hemisphere, 
and South Arabia, India, Burmah, and southern China in the 
northern. These zones are characterised by palms, bananas, pine- 
apples, tree-ferns, species of fig, pepper-shrubs, cinnamon, indigo, 
cotton, coffee, sugar-cane, &c. — ^there being fewer parasites, and 
more underwood in the forests. And it has been further remarked 
by the botanist, that as palms and bananas may be said to mark 
the equatorial zone, so may arborescent ferns and species of fig be 
said to predominate in the tropicaL 

254. The 8tib4ropical, bounded by the isotherm of 63°, embrace 
Southern Africa and Australia, Paraguay, La Plata, and Chili 
in the southern hemisphere; and North Africa, Egypt, Syria, 
North Arabia, Persia, Northern India, part of China, the Southern 
States of North America, Mexico, and California in the northern 
hemisphere. They are characterised by a luxuriant growth of 
magnolias, laurels, myrtles, and figs, together with certcdn palms, 
zamias, cactuses, and arborescent euphorbias. In these zones, as 
in the damp regions of the preceding belts, vegetation is green 
throughout the year, and the climate, imless where rainless, is 
described as delightf uL They are pre-eminently the lands of the 
laurel and myrtle. 

255. The warmer-temperaUy limited by 53J°, are still regions 
of evergreens, but are marked by the absence of palms — the dwaif 
palm of Europe, the palmetto of North America, and the Chilian 
palm, being, as it were, outlying forms from the sub-tropical zone. 
Deciduous forest-trees, oaks, chestnuts, &c., and figs, oranges, pome- 
granates, olives, and the vine, are typical of the warmer-temperate 
in the northern hemisphere ; shrubby ferns, arborescent grasses, 
and araucarise in the southern. This " region of evergreen trees," 
as it has been called, embraces the well-known flora of southern 
Europe, as well as those of Asia Minor, the north of China, and 
Japan. 

256. The colder-temperate^ bounded by the mean annual tem- 
perature or isotherm of 42^°, is, in the northern hemisphere, the 
great zone of deciduous forest-trees, or those which shed their 
leaves in winter — ^hence the seasonal contrasts unknown in wanner 
regions. The characteristic vegetation of this zone is well seen in 
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that of our own country, the north of France, and Germany — 
forests of coniferous trees (fir, pine, yew, &c.) and expanses of 
heath adding peculiar features to the area. The cultivation of 
wheat scarcely extends beyond this zone in the northern hemi- 
sphere ; in the southern it is occupied chiefly by the ocean — 
TieutL del Fu^o, Falkland Islands, and Keiguelen's Land being 
the only important portions. 

257. The suh-<irctic zone, limited by the isotherm of 39°, is char- 
acterised by coniferous trees (pine, larch, spruce, juniper, &c.), 
poplar, beech, grasses, and heaths ; and, on its northern limits, by 
birch, willow, and alder, which become dwarfed, and never attain 
to the size of trees. " This zone," says Professor Balfour, " is of less 
extent than the preceding, and in the interior of Asia it is perhaps 
not so easily distinguishable from it as in Europe. In the north- 
em hemisphere it is the zone of flrs and willows ; in the southern 
it embraces a few barren islands. The northern parts of Siberia 
and Norway, the Faroe Islands, and Iceland belong to this zone. 
In the Faroe Islands barley does not always ripen, but the turnip 
and potato generally succeed. The Amentiferse (plants bearing 
catkins) in these as well as in Iceland do not become trees. Grasses, 
common heath, and juniper, form features in the physiognomy of 
Iceland ; in Siberia, forests of pine, larch, spruce, poplar, and birch 
occur." 

268. The arctic zone (which has no equivalent in the southern 
hemisphere, where the ocean alone prevails) is marked by the 
dwarf birch, alder, and willow ; by occasional pines and firs ; by 
grasses; and by numerous lichens and mosses on its northern 
limits. At Hammerfest, in lat. 71°, according to the authority 
just quoted, potatoes, turnips, cabbage, and carrots generally suc- 
ceed. In the American section, rhododendron, andromeda, and 
azalea are not xmfrequent. 

259. The polar zone is characterised chiefly by its flowerless 
plants — ^lichens and mosses — ^though, during its brief summer, 
species of ranunculus, saxifrage, scurvy-grass, rush, willow, &c., 
make their appearance. In this zone there are ^o trees nor bushes, 
nor any cultivation of plants for food. In the cold zones it ''-^ 
been remarked that there are more genera and fewer specif 
that while the species are few, the individuals are numeroi 

260. Such, in general terms, is the characteristic distribr 
vegetable life as we proceed from warmer to colder latitude 
the student is already familiar with the fact that temperatij 
ureases not only as we proceed from the equator towards the \ 
t>ut also as we ascend from the level of the sea into the hit 
regions of the atmosphere. This ascent — hypsometrical, as iv 
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iiarse-clieatDut, elm, maple, pine, jew, hazel (growing to a laige 
Lree), and many others. At about 11,600 feet the forest ends — 
A'ebb'g pine and the Bhojatran birch being usually the last trees, 
shrubs continue in abundance for about 1000 feet more; and 
..Uiut 12,000 feet the vegetation becomes almost entirely herba- 
■MOi. On the eouthem face of the mountains the snow-line is 
probably at an elevation of 15,&00 feet. The h^hest dicotyledon- 
113 plant noticed was at abont 17,500 feet, probably a species of 
< hinospermmn. A nettle, also, is common at these heights. The 
low-lme here recedes to 18,500 or 19,000 feet. In Tibet iteelf 
'le T^^tion is scanty in the extreme, consisting cliiefly of cara- 
Loa, species of artemisia, potenlilla, and a few grasses. The cul- 
vatiDn of barley extends to 14,000 feet. Turnips and radishes, 
a raie occasions, are cultivated at nearly 16,000 feet. Vegetation 
ids at 17,500 feet : scanty pasturage being found only in favoured 
realities at this elevation ; and the highest flowering plants are 
-irydalis, crudferce, sedum, and a few others." 
262. In temperate latitudes, though the variety of vegetation be 
'?8, and the lower zones of tropical flora be necessarily wanting, 
indlar phenomena present themselves. "We may begin the 
'^cent of the Alps, for instance, in the midst of warm vineyards, 
'Tid pass through a successioo of oaks, sweet chestnuts, and beeches, 
iU we gain the elevation of the more hardy pines and stunted 
'■irches, and tread on pastures fringed by borders of perpetual 
tww. At the height of 1950 feet the vine disappears ; and at 
'000 feet liigher the sweet chestnuts cease to thrive ; 1000 feet 
'nrther, and the oak is unable to maintun itself ; the birch ceases 
grow at an elevation of 4S80 feet ; and the spruce fir at the 
iieight of 5900 feet, beyond which no tree appears. The rhodo- 
lendron then covers immense tracts to the height of 7S00 feet ; 
ind the herbaceoos willow creeps 200 or 300 feet higher, aceom- 
'wiied by a few saxifrages, gentians, and grasses ; while lichens 
uid mosses struggle up to the imperishable barrier of eternal 
'HOW." On the Pyrenees, in like manner, the following belts 
nave been observed:—!. The zone of vine and mwze cultivation, 
iind of the chestnut woods. 2. A zone extending from the liroit_nf 
Che vine to about 4200 feet, at which limit the cultivation ' " 
ceases ; here we meet with bos, saxi&age, gum, &c. 3. F 
limit of the cultivation of esculent vegetables at 4200 fd 
tone of the spmce-fir. 4. Fram the limit of the spruce fir 
lUOO to 7300 feet, characterised by the presence of the Sc 
>. From 7200 to 8400 feet is an Alpine zone, characterised 
Iwaif juniper, Saxi&aga bryoidea, Soldanella alpina, Juiio* 
Mns, &0. 6. A zone above 8400 feet exhibits a few Ai 
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species, aa Bouunculiu glocialis, Diaba nivalis, Stellaria ceias- 
toides, Androsace alpina, and Sazifraga Oroenlandica. The ac- 
companying sketch exhibits, in general ternia, the order of theM 
ascending zones of vegetation, from the sea-lerel at the equator \o 
the limit of perpetual mow. 







SS3. Besides the great governing conditions of temperature, u 
dependent on latitude and altitude, there are others arising from 
light, slope, nature of soil, moisture, &c., which, though less gene- 
ral, are nevertheless ef[ually imperative. The southern slopes of 
a mountain-range, exposed to the full influence of the aim's raya, 
exhibit not only a greater profusion of foliage and blossom, but a 
greater variety of species'than is to be found on the northern and 
darker side. Even the southern aide of B tree will make a larger 
amount of annual growth, and present a greater exuberance of 
flower and fruit than the northern. And yet, though heat and 
light ore so indispensable in the economy of v^etable life, influ- 
encing their luxuriance, colours, and secretions, it must be remem- 
bered that while aome families require full exposure to these in- 
fluences, others luxuriate only in the shade. Nor must it be fo^ 
gotten, as already noticed under Climatology, that the qualit;/ of 
the sun's raya is affected alike by altitude and the nature of tiie 
atmosphere (clear, or dense and fof^^) through wliich they pass; 
and hence the difference of their influence on plants and animals- 
" The chemical rays of the spectrum," say» Sir J. Herschel, " aw 
powerfully absorbed in paasii^ through the atmosphere, and the 
effect of their greater abundance aloft is shown in the auperiw 
brilliancy of colour in the flowers of Alpine regjons." Aa to the 
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effects of density, or pressure at great heights, it ia questionaHe 
whether it is tit all appreciable — the diminished temperature at 
such altitudes being the main canae of change in the plant-Ufe of 
such situations. 

264 Again, the influence of soil ia equally observable : hence 
we seek in rain on the clayey moorland for the species that form 
the rich and verdant carpeting of the calcareous district ; or on the 
thirsty sand-dunes by the sea-shors for the flora that flourishes so 
ireely on the aUuvial meadow. This influence arises, of course, 
partly from the mere mechanical nature of the soil, and its capa- 
bilities of retaining heat and moisture, and partly also from chem- 
ical composition — the plant deriving therefrom certain ingiedients 
which are necessary to the healtliful growth and elaboration of its 
tiasues and secretions. Every geologist has noted the difference of 
T^etation on the different rock-formations of a country, each belt 
of limestone or clay, of granite or trap-rock,',being characterised by 
a predominance and luxuriance of certain species. Further, some 
plants are truly littoral, and flonrish only (lite the mangrove and 
cocoa-palm) within the influence of the sea-spray ; while others 
hecome stunted and diseased if exposed, even for a season, to the 
breath of the sea-breeze. 

265. The effect of moisture on the distribution of vegetation ia 
direct and perceptible, arid tracts being comparatively barren, 
while hnmid regions, and especially humid and warm ones, are 
noted for their luxuriance. Even in tropical countries, like South 
America, the dry season is one of torpidity, and corresponds to 
the winter of temperate zones — v^etation being dormant till the 
rainy season returns and once more renews its growth and foliage. 
It is owii^; to this influence of moisture that botanists di^tiuguish 
between rainy and rainless regions, and between zones of suiiimpr 
rains, winter rains, and rains at all seasons — each zone l".-ing 
stamped by its ovm vegetable aspects. But beyond this ci>nimon 
influence of moisture on all vegetable forms, there is a niit\iral 
adaptation of certain forms to moist situations; and for this ri-aaon 
we have plants — some inhabiting the sea, others lakes and rivers, 
and some, again, the marsh and mudflat. 

266. As plants have a flsed and natural distribution on lar 
M> alao they have a similar distribution, horizontal and vert" 
in the waters; though, in consequence of the greater unifon 
)f temperature, the marine areas are less marked and d<.'ci 
HorizotUaUy, the ocean baa been divided into certain botitn 
provinces, of which our limits will merely permit the eniime 
■ion : 1- The Northern Ocean, from the pole to the 60th parallel , 
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2. The North Atlantic, between the 60th and 40th parallels— the 
great headquarters of Fucus proper; 3. The Mediterranean— a 
sub-region of the warmer-temperate zone of the Atlantic, lying 
between the 40th and 23d parallels ; 4. The tropical Atlantic, 
in which Sargcumm aboimds (Sargasso Sea, par. 139); 5. The 
Antarctic American regions, from Chili to Cape Horn, and the 
whole circumpolar ocean south of 50° of S. latitude ; 6. The 
Australian and New Zealand; 7. The Indian Ocean and Bed 
Sea ; 8. The Japan and China Seas, besides certain less decided 
provinces in the Pacific. 

267. Vertically, or hatkymetricdUy, as it is termed when treating 
of the ocean (Gr. bathysy deep ; metrorif a measure), light, depth, 
and nature of sea-bed seem to be the prime regulators of aquatic 
vegetation. In the limited areas of streams and fresh-w^ater lakes 
the order of arrangement is less perceptible, but in the ocean each 
gradually -deepening zone is characterised by its own peculiar 
forms. Thus, in the British seas naturalists speak of a littoral, 
laminarian, coralline, and coral zone ; and in the ocean generally, 
of a littoral, circum -littoral, median, infra-median, and abyssal or 
deep-sea zone. The nature of these bathymetrical subdivisions 
will be best understood by referring to our owti shores, where the 
littoral is that which lies between high and low water mark, and 
is characterised by such plants as the bladder-wrack, dulse, and 
carigeen; the laminarian, that which commences at low-water 
mark, and extends to a depth of from 40 to 60 feet, and marked, 
as its name implies, by the broad waving tangle {laminaria), and 
larger algse ; the coralline, that which extends from 90 to about 
300 feet in depth, and where corallines luxuriate, and the com- 
mon sea-weeds disappear ; and the coral zone, which lies between 
300 and 600 feet, and is the region of the calcareous and stronger 
corals. In the abysses of the ocean diatoms (microscopic vegetable 
forms) alone occur ; and generally as the corallines increase the 
true sea- weeds disappear, ordinary algse scarcely existing beyond 
a depth of 300 feet. 

268. Admitting, however, in the fullest degree, the influence of 
heat, light, moisture, and the like, in the distribution of vegetable 
life, there still lies over and above them a primal arrangement, 
by which certain forms are naturally restricted to certain areas. 
(This arrangement, which is seemingly not dependent on climate 
(for the plants thrive equally well when transferred to other 
areas), imparts a certain physiognomy to these regions; and thus 
botanists, entering more minutely into the geographical aspects of 
their science, subdivide the earth into regions and provinces ac- 
cording to their prevalent floras. Such subdivisions lie beyond 
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the limits of out outline, bnt the learner will readily perceive 
their bearinga when he considers— ^rsf, that some forma, like the 
tea-plant and camellia, are peculiar to eastern Asia ; some, like 
the eucaljptiandcasuarinfe, to Australia; others, like the magnolia, 
to the BDUtheriL latitudes of North America, and ao on; while, 
teamd, that every tribe of plants has a special aspect or phyaiog- 
nomy, and where such tribes prevail, that physignomy will be 
imparted to the landscape. Wherever, therefore, certain orders are 
peculiar, and a certain number of genera and species prevail, this 
coostitntes a botanical "region," such as the region of saxifrages 
and mosses, the region of magnolias, the region of camellias and 
teas, region of palms, and so on, making in all some twenty-four 
regions, into which the earth's surface has been botanically divided. 
In like manner with aspect or " physit^omy," as the F^dm fonn, 
the Banana fonn, the Mimosa fonn, Cactus form, Heath form, 
Qwaay form, Willow form, &c — there being in all twenlj-two 
Buch forms, which are readily distinguished even by the eye of the 
unbotanical observer. 

S69. In the same way it is not unosual to divide the Old and 
New World into agricultural zones, in something like the follow- 
ing order, from the tropics to the northern limit of profitable 
culture— 1. Zone of rice and maize; 2, Maize and wheat; 3. 
Wheat, rye, buckwheat, pease, and beans; 4. Barley, oats, and 
potata Commenting on the agricultural zones. Professor Balfour 
remarks, that in the Old World, " the zone of larky, oaU, and the 
ootaio, includes Finmark and the higher districts of Scandinavia, 
he Faroe Islands, and the most northerly part of Scotland and 
Irdaud— the north boundary being 62°, 70° and 67°, and the 
«uth boundary 67° in Scotland, 52° in Ireland, 65°, and 60°. 
rhat the zojw of rye and wheat occupies the greater part of 
Europe north of the Alps, and extends to about 50° latitude, or 
« far as the polar limit of the cultivation of the vine ; and that 
a this zone buckwheat, pesae, and beans, are also important 
"tides of food. That the zone ofwheai includes those parts of 
..nrope and western Asia which lie south of the 50th degree ; and 
iat in several districts maize ia cultivated as well as wheat. Tlr 
■neawM ofriee and teheat embraces those provinces wliieli 
■abject to the influence of tropical seasons — in tropical wls 
^ca rice and maize being the chief grains. This zone extt 
'Kim about 15° N. kt. to about 28° S. lat" In the New Wo 
Jeighaus distinguishes the following zones:— 1. Eye, wheat, a 
*riey {summer dereals) ; 2, Rye and maize ; 3, Wheat and niaiz. 
■■■ Wheat. In the tropical zone maize is the principal eerea_ 
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becomes a subject not only of scientific interest, but of true eco- 
nomic importance. 

272. Tne great question — ^How the globe has been clothed with 
its present vegetation ? is one that belongs more to the domain of 
botany than that of geography ; and yet on this point we cannot 
refrain from transcribing the very cautious and temperate views 
of the authority above quoted. " From all that has been said on 
this interesting subject," he remarks, " we are led to the conclu- 
sion that many plants must have originated primitively over the 
whole extent of their naturad distribution; that certain species 
have been confined to definite localities, and have not spread to 
any great distance from a common centre ; while others have been 
generally diffused, and appear to have been created at the same 
time in different and often far-distant locaHties ; that migration 
has taken place to a certain extent, under the agency of various 
natural causes ; that geological changes may, in some instances, 
have caused interruptions in the continuity of floras, and may 
have left isolated: outposts in various parts of the globe; and, 
finally, that social plants were probably created in masses, that 
being the natural arrangement suited to their habits." 
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otamns, and tapir ; the crocodile, turtle, boa, and larger 
; the ostrich, flamingo, peacock, parrots, humming-birds, 
lerally of birds remarkable for their brilliant and varie- 
nmage. Insect life is also much more varied and exuber- 
Topical than in colder latitudes — attaining its maximum 
y, in size, activity, and brilliancy of hue, within the luxu- 
ions of Brazil, Guinea, and the Indian Archipelago, and 
' declining towards either temperate zone. Tliis declen- 
not take place, of course, everywhere in the same ratio, 
ver there is abundance of plant-life, there certain insects 
n corresponding numbers ; and variety in plant-life is 
ied by a greater variety of insect-life— each genus, and 
species, being limited to its own peculiar vegetation. 
6 Temperate zones, on the other hand, though marked 
armer limits by the presence of such tropical forms as 
ackal, hyena, crocodile, &c., are, on the whole, the head- 
such ruminants as the ox, bison, buffalo, goat, sheep, 
k. The useful animals — ^that is, those more especially 
tnestication, like the horse, ox, sheep, dog, &c. — ^increase 
T zones, while the larger camivora decrease not only 
ut in power and numbers. Peculiar to them also are 
[ camel, the wild boar, wolf, fox, and beaver; the 
the northern hemisphere and the kangaroo in the 
e eagle and falcon, turkey, goose, grouse, and pheas- 
irds; while reptiles become fewer and smaller the 
proach the arctic zone. Insects also, with the ex- 
3tles, decrease in species, size, and brilliancy — ^the 
specifically more abundant in temperate than in 
, though iiiferior in size and brilliancy of colouring, 
rctic zone (for the Antarctic is almost exclusively 
e ocean) is characterised by greater uniformity in 
few species but by numerous individuals, and 
le quiet and sombre colouring both of its birds 
3. The reindeer, musk-ox, brown bear, polar 
3 fox^, and sable, are peculiar to this region ; the 
squent its summer seas are chiefly migrants frc" 
e coldeivteniperate zone; and reptile life is 
ire it may be observed that as the land in 
lere lies in great contiguous or all but contigu 
tJie soutliem it consists of far-separated sp. 
ere is a greater similarity between the fauna a^ 
han of southern zones. The life of the Antarv 
dissimilax and far-scattered specks and patches^ 
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^cal kingdotn, or Auttiulia, whiclt, bcHidea the continent of 
alia »nd Van Diemen's Luid, comprises' the islands to the 
ad, iocluding New Zealand, and the numerous groups of 
im, uid these, &om the xnujl extent of space to which they 
i&aed, the unifonnily of the soil, climate, and produce, and 
aenlly imiformilj of the animal world, form only one pro- 
Tbefinirik kingdotn consists of Africa, the peninsula of 
xiicb in ita Tiatural character is bo closely connected with 
ihe islands of Madagascar, Bourbon, and Mauritius. The 
^om coDaists of North and South America, or the New 
md it divided into four provinces — vie, those of arctic, 
, tropical, aad southern America. The arctic is divided 
northeni province by a curved line, beginning about 
Wales leland on the west and passing eastward through 
ie of the Canadian lakes. Thie line coincides with the 
)f 46°, and the province ig chiefly compoaed of British 
m America. The nortliem province extends south to 
if Mexico, whence it is bounded by a line drawn from 
of the river Bravo del Nort« to the northern extremity 
' of California, and comjvisea the United States, Texas, 
•Ater part of Mexico. Ths tropical province extends 
itral America, the Antilles, and all South America, to 
3f40° south, where it isjoinedbythe southern province, 
rises Patagonia and the islands south of Cape Horn, 
ith the terrestrial fatma, so also in a great measure 
rine, though at first sight there may seem no intemip- 
bange and community of habitat. Variety of genera 
laracterises the eeas of the torrid zone ; uniformity of 
imense numbers of individualamark the fauna of the 
ta. The fishes and shell-fish of the tropics are noted 
1 and brilliant tints ; those of the arctic regions are 
d sombre hues. The right whale never traverses 
!d waters of the higher latitudes in either hemi- 
enn w^hale, on the other hand, is unknown beyond 
VI of the Pacific. Unknown in the torrid zone, the 
1 occur in thousands in the colder-temptiute a' 
The headquarters of the sharks lie vitMi 
tiinny" rejoices in the genial waters of the ? 
the cod, haddock, pilchard, herring, and sobi 
r of the food-fishes, in fine — attain perfection 
' iFaters of the higher latitudea The con^tit.i. 
re nearly the same throughout, and yet the i 
l.y elaborate their structures within, the tropin 
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279. As with the horizontal areas of the water, so in like maimer 
with its various depths or bathymetrical zones. The littoral zone 
(par. 267) of our o^'n seas, for example, is characterised, according 
as the bottom may be rocky, sandy, or muddy, by such shell-fish 
as the periwinkle, limpet, mussel, cockle, and razor-shell ; the ^- 
minarian by star-hshes, the common sea-urchin, tubularia, modi- 
ola, and pullastra ; the corcdline by the disappearance of the 
ordinary shore shells, and the abundance of buccinum, fosus, 
trochus, venus, pecten, and the like ; and the coral zoTie by fonns 
of star-fish, cidaris, and brachiopod mollusca that cannot exist in 
shallower waters. As to the extreme depths of ocean, they are 
generally presumed to be, like the extreme elevations of the land, 
altogether barren and lifeless. It is true that some recent deep- 
sea soundings in the North Atlantic would seem to point to a 
different conclusion ; but these, before final acceptance, require 
the confirmation of further and independent experiment. 

280. It must ever be borne in mind, however, that, obvious as 
may be the influence of external conditions on the distribution 
of animal life, there is over and above them an aboriginal dis- 
persion that science in its present position is unable to account 
for. Why, for instance, should the kangaroo and omithorhynchus 
be restricted to Australia, the apteryx to New Zealand, the hip- 
popotamus and giraffe to Africa, the camel to the Old World, and 
the llama to the New ? Or why should the New World, notwith- 
standing its predominance in vegetation, be inferior in variety and 
intensity of animal life to the Old ? But while these aboriginal 
differences exist and remain unaccounted for, the student should 
remember that distant regions, having nearly the same conditions, 
are peopled by what are termed representative species — ^that is, 
species not zoologically identical, but merely representing one 
another in the economy of nature, and fulfilling similar functions. 
Thus, the camel of the Old World is represented by the llama of 
the New ; the lion and tiger of the Old World by the puma and 
jaguar of the New ; the ostrich of Africa by the rhea of South 
America and the emu of Australia ; and the crocodile of the Nile 
by the gavial of the Ganges and the alligator of the Amazon. It 
should also be borne in mind that local conditions of food, shelter, 
healthful position, freedom from enemies, and the like, are also 
operating causes in the distribution and dispersion of animal life ; 
and that where these are wanting, whole families will shift ground, 
or altogether disappear, even when the great conditions of tem- 
perature remain unchanged. 

281. As in the vegetable world, so also (though to a less ex- 
tent) in the animal, certain species have a greater elasticity of 
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»>nstitutioQ, whicli enables them to aubgiBt under a greater 
raiietj of conditions, and natniall^, therefore, t« enjoy a wider 
geographical range. Operating upon this principle, and a know- 
ledge of climatology, man has been enabled to transfer from one 
region to another a considerable number of animals, either for the 
pm^ses of hia convenience or luxury. All the domestic B-nimfllii 
— horae, ass, ox, sheep, goat, pig, d<^, cat, barn-fowl, &c ; many 
birds, prized for their beauty or song ; and rats, mice, ineecte, and 
other creatures, considered as " pests and vermin," have accom- 
panied him over the habitable globe. His efforts in thb respect — 
extiquting, transferring, and acclimatising — have been inceseant ; 
and thus creatures naturally of widely distant habitats have 
been, and are atiU being, brought together into one common area. 
In this way the domestic animals of the Old Worid have been 
transferred to the New, where they were unknown at the time of 
its discovery by Columbus ; some of the New World fauna trans- 
ferred to the Old ] and not only the domestic animals, but the 
biids, fish, and even shell-fish of Europe, transported to Anstral- 
asia, where, within httle more than a century, their genera were 
totally unrepresented. But as in the vegetable worid, so in the 
animal, there is a limit tti this system of transference, and man 
best studies his own interest and the comfort of the lower animals 
by fostering them mainly within their own native habitats, and 
sharb^ in their larger produce through the more profitable 
method of commerce and KUihauge. 



Interdependsiice of Plonla and Animals. 

!. As plants and animals are alike dependent on external 
tions, BO both are, to a certain extent, dependent on one 
another. Both, for example, are dependent on the atmosphere, 
yet the oxygen which the plant exhales is inhaled by the animal, 
and the carbonic acid exhaled by the animal is absorbed and 
assimilated by the plant The plant, rooted in the soil and cast-- 
ing abroad its leaves and branches in the atmospheri', Iho 
fpmingly deriving the main elements of its growth from 
■'«■ eouices, is nevertheless stimulated into life and exulic 
iresence of organic decay, and many of the lower fu 
are found only where such decomposing matter is 
Herbivorous animals, as is well known, subsist, dirt 
lants, while the carnivorous prey upon the plant-feed, 
thus also ultimately dependent on the v^talde 'woi 
ir subsistence. Wherever vegetable life is vniied an. 



1 



*J*( 






I •••■ 
l. •• 

ii' !•• 
• • • • 






■ •«• • 

r 1 



»■• 



k»* 



ti 



.. • . • ■ -I- 

.1.1 •! ■ • ••• 

.. . ^ . • •• ••• 

I 5«»*** • 

• ..'. •• ■• •••* " 



fl 



1 



, ., ,- ■■ t" :^-"-''- ' 

i.x (k ... »J.-...i n-"- T.aai- xnrr - 
^ v.^ mKf^ - I--"- ^^* 7^^ ^^ 

•I,... -.» — " «•'• •'•'^^ J!l. ' '-'* 

h,^.l» f... III. f.- "^' ^ ■• "'^^ ^^.jj 
Mt.l.l Irtuo •♦' flu .»tl».f t ..'^-^-' » ^ ^-j' 

l»» 111. II .M..Mu**iN»^ f.f *n fc'^**'^ 2^"^®- _2^.^-: 

III. K' —V |"»i.»iH. -»..! .Mil* f> f.T :?.♦ •^'llt'^' ^^ ^^,3 

. » :i^ ^uiUiUtiou «»/ f /»*» i'rtrtynmf^rs. ^^ * ^ ^^ - ^ - 

Xi. r- i>J:-i/^y;r ,i<.^,,>| i|,r j»>».nA.'^ of nafufe br a«i>G«^' 
* — wui :i* own uppn*pt^At^ urr^ ^jstincdve flow- 



li 






•* 



- ebsptersr attentfon lyfu beea ^ 

-» gio6e — tba6 ia, to fm TeettoW* 

SotJon over Ibe /ancjlt ^ 2ii«%^ 



I 



BEGAPITULATION. 245 

waters. Leaving the nature and origin of life to the biologist, 
it has been shown that plants and animals are dependent for 
their continuance on the external conditions by which they are 
surrounded, and that any change in these conditions would ma- 
terially aflfect, if not destroy, their existence. For this reason, 
plants and animals have a definite distribution over the globe ; 
heat, light, and moisture being the great regulators of the one ; 
climate and food the governing conditions of the other. In this 
way vital variety and exuberance culminate within the tropics 
and decline as we proceed towards either pole — declining also in 
an analogous manner as we ascend from the level of the sea into 
the higher elevations of mountains. Each zone or belt of the 
earth has thus its own special flora and fauna — that is, is charac- 
terised by genera and species not naturally occurring in other 
regions. As marked variations occur within narrower limits than 
the torrid, temperate, and frigid zones, botanists subdivide the 
earth's surface into equatorial, tropical, sub -tropical, warmer- 
temperate, colder-temperate, sub-arctic, arctic, and polar belts; 
and these, as might be expected, correspond with lines of tem- 
perature rather than with parallels of latitude. As in the land, 
so also in the waters, each zone of depth, from the shore seaward, 
has its characteristic forms — littoral, laminarian, coralline, and 
coral ; the extreme abysses of ocean, like the extreme altitudes of 
land, being apparently barren and lifeless. 

Beyond these main horizontal and vertical arrangements of 
life, there is also an aboriginal dispersion of certain races over 
certain areas which science cannot account for ; hence the subdivi- 
sion of the earth's surface into botanical and zoological "regions" 
and ** provinces," each subdivision being characterised by its own 
typical forms. These provinces form the special study of the 
botanist and zoologist ; and the question how far the plants and 
animals of one region can be profitably transferred to another, 
becomes one of prime economical importance. Understanding 
the geographical conditions imder which plants and animals na- 
turaUy occur, and knowing, moreover, the intimate dependence 
between the vegetable and animal kingdoms, man, in his own 
migrations over the globe, will be better able to determine what 
to cultivate and what to extirpate, what to attempt acclimatising 
and what to continue in their own native habitats. Understand- 
ing, moreover, the relations that subsist between fauna and flora, 
he will, as a geographer, be better enabled to draw that intel- 
ligible picture of external aspects which it is the grand province 
of his science to ^^pict ; and from a knowledge of these aspects 
be farther enabled to indicate to the merchant and trader the 
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ETHNOLOGY — EACES AND VAKIETIES OP MAN. 



Man as afiected by External Conditions. 

284. Man, in whatever stage of civilisation he may appear, is 
always less or more influenced by the geographical conditions of 
the region he occupies. Unlike the lower animals, which either 
simply flourish under or succumb to these conditions, Man may 
struggle against and so far modify them ; but still, to a great 
extent, his thoughts and actions, his industrial pursuits, his social 
polity, and religious beliefs, are all affected by the physical cir- 
cumstances of his position. To argue otherwise were to ignore 
the principles of science, and lose sight of those zoological relations 
that subsist not only between man and the other animals, but be- 
tween him and those external conditions upon which the continua- 
tion of his existence is so absolutely dependent. In savage life 
this influence is direct and perceptible ; hence the difference be- 
tween the semi-aquatic Esquimaux and the hunting Red Indian, 
though inhabiting the same continent; between the stationary 
vegetable-feeding islanders of the sunny Pacific, and the wander- 
ing omnivorous tribes of the scrubby plains of Australia ; between 
the lithe and nerveless red man of the New World, and the robust 
and vigorous negro of the Old. Even where civilisation has made 
some progress, it is these conditions that still mainly determine 
man's habits and pursuits — rendering the inhabitants of the grassy 
steppe nomades and herdsmen, the indwellers of the river^plain 
tillers of the ground and growers of grain, and the men of the 
sea-coast traders and adventurers. And higher still, where popu- 
lations have been long settled and civilisation has assumed its 
most advanced aspects, climate, scenery, natural products, facili- 
ties for intercommunication and exchange, are ever exercising 
their influence — ^rendering one nation wealthy and independent, 
another bold and enterprising, and a third, it may be, isolated and 
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and the " charming variety " of another ; of the " awe-inspiring 
gloom " of the forest, and the " cheerful hues " of the open land- 
scape. Indeed it is to the influence of situation that we are in a 
great measure to look for national peculiarities — ^these peculiari- 
ties diminishing the more that nations extend their range of in- 
tercommuni cation, and the less they are restricted to their own 
narrow boundaries. 



Characteristics and Distribution of Eace. 

287. Whatever the influence of external conditions in modify- 
ing the characteristics of race, we find Man distributed at present 
over almost every region of the globe — wandering in savage free- 
dom under the tropics, flourishing in busy communities within 
the temperate zones, and struggling in diminished numbers against 
the inclemencies of the poW regions. Within the tropics he is 
chiefly a vegetable feeder; in the temperate zones he adopts a 
mixed vegetable and animal diet ; while within the polar circle 
his diet is exclusively animaL But while in this respect he 
obeys, like plants and animals, the zonal arrangements of the 
world, unlike them the varieties of his race are distributed ac- 
cording to no law of latitudinal dispersion. As in districts of 
the same country we find differences of stature, physiognomy, dia- 
lect, and habits ; so in the various countries of the same continent 
we find still wider differences in bodily appearance, mental con- 
stitution, language, and manners. Notwithstanding these well- 
known distinctions, there is among the inhabitants of certain 
regions a certain sameness in physical aspect, in colour of skin, in 
form of head and face, and also in mental disposition, that stamps 
them as distinct from the inhabitants of other regions ; hence arises 
the idea of varieties or races of the human species. That these 
varieties or sub-species (for the difference seems greater in some 
instances than what zoologists consider a variety) have existence 
in nature, we have only to look at the condition of mankind, as at 
present scattered over the surface of the globe. Here, active, in- 
telligent, and progressive ; there, sluggish, dull, and stationary : 
Ijk here, enjoying the highest amenities of civilisation; there, grovel- 
^ ling in a condition little elevated above the brutes by which they 
are surrounded. And not merely do they differ in intellectual 
qualities, but in physical organisation, in mien and stature, in 
form of head and expression of face, in colour of skin, in strength 
and endurance, and, in fine, in all those purely bodily qualities 
by which one species of animal is distinguished from another. 
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that stretches between the Caspian and Black Sea, because tradi- 
tion points to that region as the place of its origin ; and it is also 
known by the term Indo-Europeariy from its spreading over India 
and Europe from the Ganges to the farther shores of Iceland. 
The more important branches are the Hindoo, Persian, Arab, Cir- 
cassian, Slavonic, Teutonic, and Celtic, with their various mixtures 
and alliances, which now constitute the nationalities of southern 
Asia and Europe. Of course, thousands of years have passed away 
in the development of these respective branches— -each branch 
springing out from its predecessor, and assuming new features in 
body, mind, language, and beliefs according to the nature of their 
new region, though still retaining enough of the original stock 
to mark their origin and descent. 

290. The distinguishing characteristics of these Indo-Europeans 
ore — a light-coloured skin, varying from fair to tawny or swarthy; 
red cheeks ; copious, soft, flowing hair, generally curled or wav- 
ing ; ample beard ; small, oval, and straight face, with featm^s 
distinct ; expanded forehead ; large and elevated cranium ; na^ 
row nose ; and small mouth. In stature the Caucasian is taller 
than any of the other varieties ; of erect gait ; with rounded, well- 
proportioned limbs ; moderately small extremities ; and light, 
elastic step. The White race (for by this designation it is gene- 
rally distinguished) has given birth to the most civilised nations 
of ancient and modem times ; and has hitherto exhibited the in- 
tellectual and moral powers of human nature in their highest 
degree. Wherever the white man has established himself, the 
other races disappear before him. His proper field of develop- 
ment, however, seems to be the temperate zones in either hemi- 
sphere, for beyond them he degenerates physically and intellectu- 
ally, and loses the higher characteristics of his race. And even 
as regards the whole species, it is held by some that " Man pre- 
sents to our view his purest, his most perfect type at the very cen- 
tre of the temperate continents— at the centre of Asia-Europe, in 
the regions of Iran, of Armenia, and the Caucasus ; and, departing 
from this geographical centre in the three grand directions of the 
lands, the types gradually lose the beauty of their forms in pro- 
portion to their distance, even to the extreme points of the south- 
em continents, where we find the most deformed and degenerate 
races, and the lowest in the scale of humanity." 

291. The Mongolian variety is spread, as the name implies, 
over the central and northern regions of Asia, China, Japan, 
Burmah, Siam, and Cochin-China ; and includes, moreover, the 
scattered inhabitants of the Arctic seaboard, both in the Old and 
New World continents. It embraces the Mongols, Turks, Tibetans, 
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incee, Indo-Chineae, Japanese, Eamtchatdalee, TnngnaianB, 
riakis, and Saiaoiedee, in Asia ; the Tuiks, Finns, and Lapp, 
Europe ; and the Esquimaux of the North American arctic le- 
ns. In the Mongohan the skin is olive-yellow j the hair thin, 
fse, and straight ; little or no beard ; head or cranium some- 
at squaie-ahaped ; forehead rather Iot ; face broad and Sat- 
ed, with confluent features ; h^h cheek-bonee ; eyee rather 
ik, and obliquely directed towards the nose ; wide and small 
e ; and thick lips. In stature the Mongolian is below the 
lo-Eiiropean ; but in the true Tartar, Turk, and Chinese, the 
ne is broad, square-set, and robust, with high shoulders, and 
rt and strong neck. 

92. In intellectual and moral capacity the various branches of 
race differ very widely ; but on the whole they are inferior, 
energetic, and more stationary in their civilisatiou than the 
casian variety. " With the Mongol," it has been remarked, 
e melancholic temperament seems to prevail ; the intellect, 
lerate in range, exercises itself upon the details, but never 
9 to the general ideas or high speculations of science and phil- 
>hy. Ingenious, inventive, full of sagacity for the useful arts 
coQvenienciea of life, it nevertheless is incompetent to gene- 
le their applications. Wholly turned to the things of eaith, 
worid of ideas — the spiritual world — seems closed gainst him, 
whole philosophy and religion are reduced to a code of social 
ds limited to the expression of those principles of human con- 
ice without the observance of which society is impossible." 
ally and morally, the highest attainments of the race appear 
le Chinese and Japanese, the Turks and Magyars having been 
>ng amalgamated with Europeans as to aasumo ji Western 
!r than an Oriental phase of civilisation. 
3. Under the American variety, ethnologists comprise nil 
iboriginal races which peopled the New World priur to its 
very by Columbus in 1493, These are the Chi)ipi'«-yaji«, 
c, Pawnees, Cherokees, and other tribes in North Anierlcn ; 
the Oaribs, Solimoee, Guaranis, Araucanians, Piitn},'uniiijjf| 
Foegians in South America. In this race the skin is ~ 
or copper-coloured (hence the familiar des^nation ( 
n) ; the hair is black, coarse, and lank ; beard scanty 
n'hat similar to the Moi^lian, but narrower, and 
e; forehead low and retreating ; cheek-bones pmnnnei 
rounded than those of the Mongol ; eyes sunk, Lind 
raised at their outer angle ; nose and other featiiioH rt. 
inenL In stature the North American Indian ia riitlicr t, 
and lithe in body ; and as a hunter, acute in his senses, Oi 
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remarkable for his endurance of fatigue and insensibility to pain 
In South America the race greatly degenerates ; the Giiaranis, the 
Fuegians, and other tribes being amongst the most degraded of 
savages, their wretched appearance being in many instances aggra- 
vated by artificial distortion of the head and facial features. 

294. In intellectual and moral qualities the American Indians 
resemble in many respects the Mongolians. Like the Mongols, 
they have remained stationary, but at a much lower point of civil-t 
isation, if we except the ancient occupants of Mexico and Pern, 
whose geographical position seems to have imparted to them a 
greater degree of energy and activity. In North America the race 
is rapidly disappearing before the white settlers ; in South Amer- 
ica, less fitted for the White, the inferior and more sparsely scat- 
tered tribes have been little interfered with. *'The indigenous 
man of America," says M. Guyot, " bears in his whole character 
the ineffaceable stamp of the peculiarly vegetative character of his 
country. Living continually in the shadow of those virgin forests 
which overspread the earth that he inhabits, his whole nature has 
been modified thereby. The very copper hue of his complexion 
indicates that he lives not, like the negro, beneath the scorching 
sunbeams. His lymphatic temperament betrays the preponderance 
in his nature of the vegetative element. The Indian is of a mel- 
ancholy, cold, and insensible race. Foreign to our hopes, our joys, 
our griefs, it is rarely that a tear moistens his cheek, or a smile 
lights up his eye. The most barbarous tortures cannot extort from 
him a single complaint, and his stoical indifference is disturbed 
only by vengeance or jealousy. If he sometimes exhibits a display 

of prodigious muscular force, he is yet without endurance 

The social condition of the Indian tribes is hindered, in an equal 
degree, by the powerful influence of his vegetative character. The 
Indian has continued the man of the forest. He has seldom ele- 
vated himself above the condition of the hunter, the lowest grade 
in the scale of civilisation. The exuberance of the soil has never 
been of value to him, for he asks not of the earth his nourish- 
ment. He has never even ascended to the rank of the pastoral 
man. With him no domestic animals are maintained to feed him 
with their milk, or clothe him with their fleeces, as they are by 
the nomadic races of the Old World. From one to the other ex- 
tremity of America we find the same lamentable spectacle ; the 
people of the elevated table-lands of Mexico and Peru are the only 
exceptions to this picture, and this exception goes far to establish 
the influence of the vegetative and humid nature of the lower 
plains of America." 

295. The Ethiopian race, in one or other of its branches, in- 
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babits the whole of AMca, with the exception of Egypt, Abys- 
Bini% Tunis, Tripoli, and Morocco on the north, and Cape Colony 
on the south. It embraces Hottentots, Bushmen, E^ffirs, Ne- 
groes, Gallas, Tibboos, Mandingoes, and other tribes, differing 
widely among themselves in physical and mental aptitude, but 
all, from time immemorial, remaining in a barbarous or but very 
partially civilised state. In this variety, which derives its name 
from the Ethiopia of the ancients, the skin is black (hence the 
familiar designation, Negro — Lat. niger, black) ; the hair short, 
black, and woolly ; skull compressed on the sides, and elongated 
towards the front ; forehead low, narrow, and slanting ; cheek- 
bones very prominent ; nose broad and flat ; jaws projecting so 
as to make the upper front teeth oblique ; lips, especially the 
npper one, very thick. In stature there are great differences among 
the different branches of the race — some, like the KaflSr, being 
of average size and fairly formed ; others, like the true negro, 
also of average size, but ungainly in form and limb, with large, 
flat feet and hands, and shuffling, awkward gait ; and some, 
again, like the Hottentot and Bushmen, of stunted stature, and 
with slender, ill- formed limbs. Intellectually, the Black race 
has ever remained in a rude and barbarous state ; hence the 
subjection of one branch to another branch among themselves ; 
and hence, also, their enslavement, from time immemorial, by the 
white variety. This is not the place to enter upon the question, 
how far the negro is capable of attaining the higher phases of 
civilisation ; but the fact remains, that neither of himself, nor in 
any of his admixtures with other races, has he shown much apti- 
tude for intellectual or social advancement. Even in the fine 
genial clime of the highlands of equatorial Africa, as described by 
Captain Speke, the negro remains much the same — easy, indolent, 
sensual, enslaving or enslaved, but never rising to the higher con- 
ceptions of social or moral polity, and still less to the attainments 
of science or philosophy. 

296. The Malay race (so called from the Malayan peninsula) 
includes the widely-scattered and chiefly insular inhabitants of 
Malaysia, Australasia, and Polynesia. The population of these 
widely-spread districts differ, as might be expected, very widely 
from each other — ^those of Malaysia and Polynesia being of a 
brown or lighter colour, and somewhat resembling the Mongo- 
lians; while those of New Guinea and Australia (the Papuan 
.negroes, as they are termed) are of a dark colour, and more closely 
approximated to the negro type. Intellectually, also, there is a 
similar difference, there being little in common between the Malay 
of the Indian Archipelago and the savage inhabitant of New 
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hf ileal and vital, of the nui verse. Anthropology, or the natural 
iUorj of man, treated ai the natural history of any other animated 
liag, is a atndy that has scarcely yet received a name and place 
nong the other bnutches of human knowledge. 
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298. Such is the usual subdivision of mankind into varietiea or 
ees, and such the existing distribution of these races over lie 
rface of the globe. The subdivisions may to some extent be 
bitraty; but as there are actnal differences of colour, form of 
ad, facial expieesion, and the like, and as these physical features 
: accompanied by strongly-marked differences in mental con- 
Cntjon, in form end structure of language, and in intellectual 
lability, the distinctions in the main must be founded on nature, 
to the prehistoric distribution of man, neither archseology nor 
)lagy, in the absence of reliable remains, can arrive at any cer- 
Q conclusion. Within historical time, however, tiie various 
es, whUe peopling most densely the regions they now occupy, 
e ever been less or more encroaching on each othei's domain — 
inferior giving way to the superior and more civilised. The 
Jopian, in its numerous tribes and branches, has remained 
ionary in Africa. The Malay, chiefly an insular race, has 
■ad itself, in one rir other of its branches, over the islands of 
Southern " .1, a ' Pacific The Mongolian, while claiming 
: il iiii. I J a 88 its headquarters, has spread partially 

l-iiii'l' il; ' along the entire seaboard of the Arctic 
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and excliange, and thus he acquires wealth and the power to com- 
mand luxuries. Eaised above the mere physical struggle for ex- 
istence, the higher faculties of his mind — ^imagination, invention, 
reflection, moral perception, and religious sentiment — ^begin to 
develop themselves, and man passes from the domain of savagery 
into the categories of civilisation. To trace the course of civilisa- 
tion lies beyond the scope of our subject ; but it is evident, 
from what has been repeatedly stated, that its advancement (lay- 
ing altogether aside the consideration of Race) depends, in a great 
measure, on the geographical or physical conditions by which it 
is surrounded. Wherever there exists a favourable climate, the 
means of subsistence, and opportunities of interchange and barter 
— ^in other words, wherever there are the objects and means of 
successful industry — ^there civilisation will manifest itself; and 
iust as equitable laws, protection of property, freedom of action, 
and liberty of opinion are enjoyed, so civilisation will advance m 
a corresponding ratio. In absence of these adjuncts it has passed, 
and may yet pass, from nation to nation ; but in the aggregate its 
maintenance from epoch to epoch has been secure — ^its progress 
seems illimitable. 

300. It may be noted, however, that, other things being equal, 
a maritime or oceanic population will more readily excd in 
civilisation than a continental or inland one — ^their progress being 
directly as their means of interchange and intercommunication 
with other countries. Again, a population like that of China, en- 
joying vast and equable geographical conditions, will remain more 
stationary than another even of the same race (as the Japanese) 
who possess more limited but more varied surroundings. Further, 
populations cut off from intercommunication by land- barriers, 
such as vast deserts and mountain-chains, remain more isolated 
and less progressive than others separated by the widest oceans ; 
hence the sharp definings of certain Asiatic races, such as those of 
China, India, Tartary, and Arabia. Still further, variety of exte^ 
nal conditions and variety of natural products necessarily produce 
greater contrasts, greater activity, and greater intelligence ; hence 
the varied and superior civilisation of a diversified continent like 
Europe compared with the other great sections of the globe. In 
fine, the effect of geographical condition and consequent industry 
is too often lost sight of in our social and political reasonings ; and 
it may be laid down as an axiom, that no great continent possess- 
ing different climates, different products, and necessarily different 
pursuits, can possibly be governed by the same laws, or perma- 
nently united under the same forms of government 
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NOTB, EBCAPITULATORY AND EXPLANATORY. 

In the preceding chapter attention has been briefly directed to 
the varieties and distribution of the human species — ^Ethnology or 
Ethnography being the science which treats of these distinctions. 
It has been shown that Man, though possessing a greater elasticity 
of constitution than most of the lower animals, and capable of 
enduring under almost every climate, is stiU, to a great extent, 
influenced by the external conditions by which he is surrounded, 
both in his physical and mental relations. Whether owing to 
these influences, or arising from aboriginal differences which 
science cannot explain, Man now appears in several varieties or 
races — each occupying well-marked territories on the globe, and 
distinguished by peculiarities of colour, form of head, facial ex- 
pression, and otihier phydcal features, as well as by equally obvi- 
ous irUeUectimL and aodal qualities. These varieties are the 
Caucasian or whiUy the Mongolian or yeHow, the American or 
redf the Ethiopian or black, and the Malay or broirni — each 
embracing a great number of tribes, branches, and nationalities, 
differing in language, social polity, and other peculiarities. 

The Caucasians, or Indo-Europeans, inhabit the south-western 
section of Asia, the northern belt of Africa, and nearly the whole 
of Europe, and have, in modem times, extended their dominion 
to large areas of North and South America, South Africa, South 
Australia, and New Zealand. The Mongolians, concentrated 
chiefly in Central and Eastern Asia, have partially penetrated 
into Eastern Europe, but are most extensively spread in scattered 
communities along the entire seaboard of the Arctic Ocean. The 
Malays, having their headquarters in Malaya and the Indian 
Archipelago, are spread, in one or other of their tribes, over Aus- 
tralia, as well as over all the island groups that stud the bosom of 
the Pacific. The Ethiopians, through drafted hither and thither 
as the slaves of the white man, have been mainly stationary in 
Africa, the natural home and habitat of their race; while the 
Americans, or Bed Indians, have been equally restricted to the 
New World continent. As a whole, the negro and Red Indian 
have made, and still make, the least progress in civilisation; 
hence their easier subjection by the higher races, and hence also 
their rapid disappearance before them. The Malay and Mongolian 
come next in order ; and though some of their sections (Chinese, 
Japanese, &c.) have arrived at considerable eminence in the in- 
dustrial arts, yet in both races the essentials of higher progress 
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seem wanting, and hence their torpid and stationary aspect. By 
the white race alone do we find displayed the higher efforts of 
bodily and mental activity — Whence in ancient times the civilisa- 
tions of India, Assyria, Palestine, Egypt, Phoenicia, Greece, and 
Rome ; and in modem times those of Western Europe — Austria, 
Qermany, France, and Britain ; of the United States and Canada; 
and, generally, of our colonies, in whatever region of the globe 
they may happen to be established. 

The conditions favourable to this civilisation are partly of a 
geographical or physical nature, and partly intellectual; and 
wherever the two are in fortunate conjunction, there the progress 
of the white race is certain, and illimitable as certain. We say 
of the white race, for as yet neither of the other vaneties have at 
all approached the standard of his civilisation in temperate zones. 
Indeed it may be fairly questioned, on psychological grounds, 
whether they are naturally capable of the same kind and d^ree 
of social, moral, and intellectual attainments ; and also whether, 
in all the temperate and sub-tropical regions at least, they are 
not in time destined to disappear before the spread and progress 
of the white, or to be imperceptibly absorbed into his superior 
niunbers and advancement. Under the equatorial zone — and be 
it observed that only a very small portion of the land-surface is 
strictly equatorial, and even of that portion a considerable share, 
like the highlands of equatorial Africa, Mexico, and Colombia, 
are capable of being inhabited by the white man — ^the black and 
brown races, in some of their offshoots, may rise to a subordinate 
civilisation ; but everything we know of the past points to illimit- 
able progress in the white, and to a limit and declension in the 
other varieties of our species. 

The student desirous of entering more minutely into the 
study of Ethnology and its kindred branches, may consult such 
works as those of Dr Prichard, Dr Latham, Messrs Qliddon and 
Nott, Mr Brace, and others, along with the plates and letterpress 
in the * Physical Atlas ' of A. K Johnston. 
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GEi^RAL REVIEW, APPLICATIONS, AND DEDUCTIONS. 



Objects and Principles. 

301. The object of Physical Geography being not only to de- 
scribe the external aspects of the world, but to determine the 
causes by which these aspects have been, or are still in course of 
being, produced, it has been necessary, in the preceding chapter, 
to deal with principles as well as details. Indeed, the aim through- 
out has been to present our planet as subjected to general laws, 
believing that, when these are understood, there will be little diffi- 
culty in comprehending their modifications in local and limited 
areas. Let the student clearly understand the origin, for example, 
of winds and rains, of tides and currents, and he will soon find 
his way to determine the causes that produce their modification 
in any special locality. Let him once comprehend the main 
causes of climatic diversity, and the manner in which it affects 
the distribution of plants and animals, and he will have no diffi- 
culty in accounting for the peculiar climates of individual coun- 
tries, or for the plant-life or animal-life by which they are peopled. 
The great object in an outline like the present is to inculcate 
principles ; the details of geography would require volumes for 
their enumeration. 

302. In accordance with these views, attention has been directed 
to the planetary relations of the earth — its figure, motions, dimen- 
sions, &c. — as on these depend its light and heat, its alternations 
of day and night, summer and winter, and, in general terms, all 
that gives rise to change and diversity in its external conditions. 
It is, in fact, to its solar relations that the earth owes, if we may 
so speak, its life jand activity, deriving therefrom directly its rotar 
tion, revolution, Jieat, light, seasonal differences, and tides ; and 
indirectly its wimds, waves, and currents, its rains, snows, and 
frosts — ^all that pnDduces diversity in the distribution of its plants 
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and animals, and cliange in the geological relations of its rocky 
exterior. It was necessary, also, to consider the individual struc- 
ture and composition of the globe, and the geological changes 
which, under the operation of aqueous, igneous, and meteoric 
forces, that structure has been and is still undergoing. On these 
forces depend the distribution of sea and land, the formation of 
highland and lowland, the production of soils, and all those exterior 
aspects which influence so decidedly the character and localities 
of the plants and animals by which it is peopled. 

303. Seizing upon the present terraqueous aspects of the globe, 
and regarding its geological changes as only appreciable at long 
and distant intervals, the more immediate province of our science 
was to investigate the relative distribution of its lands and waters, 
the disposition, highlands and lowlands of the one, and the con- 
figuration, depth, waves, tides, and currents of the other. Under- 
standing the relations of land and water, and their necessary 
actions and reactions on each other, attention was next directed to 
the atmosphere by which both are surrounded, through which the 
light and heat of the sun are diffused to both, by which the plant- 
life and animal-life of both are sustained, and in which are elab- 
orated the winds, rains, frosts, snows, and other phenomena that 
constitute the essentials of weather and climate. This all-encir- 
cling atmosphere is the great bond of union between land and 
water, between plants and animals, equalising and regulating the 
heat and moisture of the former, and conveying and supplying the 
vital gases so indispensable to the life and growth of the latter. 

304. The consideration of this earth revolving through space as 
part of the solar system, composed superficially of land and water, 
surrounded by an atmosphere, and receiving heat, light, and other 
influences from the great central orb, constitute what may be 
termed the physical or inorganic aspects of geography. On the 
other hand, the study of the earth as peopled by plants and 
animals, and inhabited by man, capable of appljdng the whole to 
his own social and moral advantage, form its vital or organic fea- 
tures. In other words, the one relates to the Physics of the earth, 
and includes considerations merely of a mechanical and chemical 
nature; the other to its Life, and involves the more intricate 
problems of physiology and psychology. The study of the vital 
world, the distribution of its plants and animals, the causes con- 
cerned in that arrangement, and the dependence iof the one king- 
dom on the other, becomes, therefore, one of the^ most attractive 
themes in geography. Still higher, however, and of more imme- 
diate interest, is that which deals with our own iace — ^their physi- 
cal and mental peculiarities, their dispersion ov*er the globe, and 

. \. 
\ 
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lestion how far geographical conditions and the pursuits 
at thereon may influence their social, mental, and moral 

<38S« 

. But our science has its practical as well as theoretical im- 

ace, its economic as well as its scientific aspects. A know- 

of the distribution of sea and land — the winds, tides, and 

nts of the one, the highlands, lowlands, and climate of the 

, and the mineral, vegetable, and animal products of both — 

lispensable to successful navigation, commerce, and agricul- 

The duty of determining the earth's mineral, vegetable, 

animal products, and how far they can be rendered available 

he purposes of everyday life, is not less imperative than the 

tion oi its physical and vital problems. It is of vast import- 

3 to be acquainted with the character, abundance, and acces- 

*lity of nature's products, but it is not less importuit to learn 

V to apply them. All knowledge of nature is good of itself, 

t its v£due is doubly enhanced when it is made to minister 

our common humanity. Combining, therefore, its theoretical 

th its practical bearings, and remembering that every country 

characterised by its own natural products, and has consequently 

•mething that no other country can supply. Physical Geography 

as paramount claims alike on the attention of the philosopher, 

ie statesman, the sailor, the farmer, the merchant, and manu- 

acturer. 

306. The material wealth of the globe— that is, the products 
ierivable from the mineral, vegetable, and animal kingdoms, and 
capable of being employed so as to administer to the comforts 
and luxuries of life — ^forms the leading theme of economic geo- 
graphy. Every country, in virtue of its geological age and 
formation, has some special mineral or metal in greater or less 
abundance ; and every region, in virtue of its position and climate, 
produces vegetables or animals peculiar to its own area. Man's 
ingenuity is ever on the rack for new inventions in the arts and 
manufactures ; and as all his raw materials are drawn from one or 
other of the realms of nature, he turns to Physical Geography for 
indications of the character, abundance, and accessibility o"" 
products that belong to the different countries of the glob'^ 
8e€u:ch produces commerce, commerce brings about coi 
between the most widely diverse and separated regions, 
communion is the main incentive to civilisation and huj 
gress. In this way Britain draws the raw materials of ht 
factures from every accessible portion of the globe, re 
thither her manufactured goods, and thereby creating new 
new activities, new ideas, and all, in fine, that arises froni 
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*iprehend why tlie rocks (the old sea-sedi- 
>tild differ from those of another, why the 
' one should differ from those of the other, 
f)uld be low and alluyial while another is 
feature being the product of a certain time 
aith's relations. In this way, too, we can 
uil formation of deltas, of sand-dunes along 
II mid-ocean, of the shoaling of certain seas 
hanges of plant-life and animal-life incident 
IS of habitat. History records the uprise of 
the depression of others, the appearance of 
.e outbursts of new volcanoes, the increasing 
rms of life or their entire extirpation, the dis- 
ain forest-growths and the succession of others 
e extinction of certain aboriginal races of men 
of others over the same area&— changes which 
".ar inexplicable but for this law of incessant mu- 
ess. It is also by bearing in mind this great fea- 
s change that we can account for the similarities 
that exist between the flora and fauna of different 
us that may at one time have been continuously 
land, though now widely separated by expanses of 
plants and animals of Britain, for example, claim 
i^ those of Europe, and this through land-connections 
long before their separation by the Strait of Dover. 
, by carrying this idea of mutation into all our reason- 
hysical geography becomes a more intelligible part of 
.ory— connecting the past with the present, and prepar- 
.ilosophic mind for the nature. of the changes that must 
he inevitably approaching future. 
s formerly stated (Chap. III.), the chief agents concerned 
modification of the earth are the winds, rains, frosts, and 
iaborated in the atmosphere, which are ever loosening and 
^rating the exposed rocky surface ; the streams, rivers, 
tides, and ocean-currents, which are incessantly wearing 
asting and re-depositing the eroded materials along the ^^ 
f the sea ; and the earthquake and volcano, whose oper 
like incessant in upheaving and depressing the crust 
og the sea-bed into dry land, and now submerging t 
I beneath the waters. No doubt, the consideration ol 
ncies belongs more especially to geology ; but their result 
directly on the arrangement and moulding of the terraq^ 
jface, that they cannot possibly be overlooked by the geogra 
il observer, either in his descriptions or in his determination 
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• ood in their applications to special in- 

f analysis of the respective continents 

il reader as well as to the student^ and 

»3 but slenderly understood may find 

ision by its application to particular 

inder the notice of the local observer. 

Europe, Asia, Africa, North America, 

la — each presenting features and pheno- 

ut all readily intelligible and in perfect 

. principles laid down in the preceding 
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rf ^ ^^ iiciples laid down in the preceding chap- 
flig^ ^,,_ ■ lies almost wholly within the northern 
onsequence, will be mainly influenced in 
-lustry by this great primaiy condition, 
omprehended within the 36th and 7 1st 
and the 10th degree of W. and 64th of 
bounding line is rendered so irregular by 
and gulfs, and the projection of peninsulas 
r an idea of its configuration can be best 
I the Atlas. Its area, as already stated, is 
. ) square miles, of which about 317,500 be- 
.id islets. Within this area there is every 
ary limits) of surface ; and it is this diver- 
Europe its especial character as compared 
continents. Devoid of immense plains like 
is not marked by the same uniformity of 
il life that characterises the New World ; and 
ast deserts and plateaux that occupy so much 
, it is not marked by those strong contrasts 
at belong so peculiarly to the greater portion 
where with diversity of surface there is the 
nnection, and thus it possesses a compactnefl 
driety, if we may so phrase it — that is not **' 
the other continental land-masses, 
istanding this unity of conditions, it must 
t the mountain-systems of Europe (Chap. VI.) 
south, confer on its southern section an irr* 
ect ; while the northern section, from the Germai 
ugh the Netherlands, Prussia, and Russia, is gener 
little interrupted by elevations or depressions. \ 
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liave thuB a southern region characterised by its mountains, table- 
lands, and intervening valleys; and a northern (Chap. VIL) 
marked by a predominance of pasture-plains, heathy wastes, lakes, 
and morasses. Unless in the extreme north, the greater propor- 
tion of the surface i& more or less improved and under cultivation; 
and though large tracts are stiU occupied by natural forest, heath, 
sandy waste, lake, and morass, yet, on the whole, the natural 
aspect of Europe has been much more modified by man than that 
of any other continent In other words, the natural conditions of 
its soil and climate have been more interfered with by man's ope- 
rations than those of any other region, and in a corresponding 
degree, also, the plants and animals by which it was originally 
peopled. It is the great headquarters of civilisation, commerce, 
and cultivation ; and thus, in all our reasonings on its geographical 
sonditions, the modifying influence of man must be taken into 
account as an important and pervadii^ element. 

314. Geologically, Europe presents illustrations of every system, 
from the crystalline schists to the most recent alluvia, and from 
the deepest-seated granites to the latest volcanic eruptions (see 
Map in Atlas). From the broken and imdulating nature of the 
country, these formations are repeatedly brought to the surface in 
all the northern and western districts — ^northern and eastern Bus- 
sia being the only region where formations are continuous over 
extensive areas. In this way the mineral and metallic treasures 
of Europe became more readily available ; and these consist, in 
general terms, of granites, porphyries, marbles, -limestones, gyp- 
sum, rock-salt, sulphur, sandstones, fire-clays, pottery-clays, alum- 
shales, sands, flints, and other mineral substances used in the arts 
and manufactures ; of iron, copper, tin, lead, silver, mercury, man- 
ganese, zinc, antimony, and other metallic ores ; of gold and pla- 
tinum, though less profusely than in some other regions ; and of 
most of the precious or ornamental stones, with the exception of 
the diamond. Oriental ruby, and some varieties of the sapphire; 
This abundance and availability of the useful minerals and metals 
enabled her inhabitants to engage at an early period in arts, manu- 
factures, and commerce ; and it is to this same abundance and 
availability that her present superiority in mechanical, manufac- 
turing, and commercial industry is mainly attributable. From 
the absence of great rivers, and the paucity of volcanic centres, the 
existing geological relations of Europe are undergoing compara- 
tively little change — ^the gradual uprise of the Scandinavian coast, 
the alluvial formations at the mouths of such rivers as the Po, 
Bhine, Danube, and Dnieper, and the alternate inroads and sand- 
Atlantic, being the only appreciable phenomena. 
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315. As might be expected from tlie position, configuration, and 
surface-diversity of Europe, its climate is also varied and variable, 
without participating in those violent contrasts which mark most 
of the other continents. Lying almost wholly within the northern 
temperate zone (only a fourteenth of its area being within the 
arctic circle), a very small portion is uninhabitable on account of 
cold, while even on its most southern limit the heat is by no means 
excessive. The mean temperature of its southern border is about 
66 degrees ; and at Cape North, in lat. 71°, it is 32 degrees — a 
mean fully eqnal to what is experienced in North America be- 
tween the pai^Uels of 55° and 56°. On the whole, its mean tem- 
perature is higher than that of other regions within the same par- 
allels, while in no part is it subjected to the same extremes of win- 
ter cold and summer heat. In fine, the climate of Europe par- 
takes more of an insular than of a continental character ; and this 
arises mainly from the circumstance that she is surrounded on 
three sides by the sea, and otherwise indented by inland seas and 
golfs, so that no extensive portion of her surfeu^e is far removed 
from the tempering influences of the ocean. Besides this, her 
western shores are laved by the current of the Gulf Stream, which 
not only brings an additional store of heat, but wards off the cold 
approach of the northern iceberg ; while the draining of marshes, 
clearing of forests, and other efforts of cultivation, have also tended 
to improve the climatic character of the country. The fact, also, 
that the lower part of Europe lies towards the north and the 
higher to the south, is not without its influence in modifying the 
climate ; for had this been reversed — that is, had the Alps, Pjrrenees, 
and Carpathians been situated in the north — ^more than a third of 
the surface would have been perpetually under snow and glacier and 
the rest would have been periodically chilled by their proximity. 
316. Arranging the surface into climatic zones, the three fol- 
lowing regions are usually enumerated : — Ist, The loarm region, 
where the lemon, orange, fig, olive, myrtle, and vine flourish, ex- 
tending to the 45th degree of north latitude, and having a plear 
sant spring, a hot summer, and short mild winter. The countries 
(vithin thk belt have generally abundant rains during the last 
three months of the year, but are subject to great and long-con- 
inued droughts in summer. 2d, The temperate region, extend 
[ng in the islands and seaboard to 55° north latitude, but in t^ 
uterior perhaps not beyond 52°. In this region frost preva 
;wo, three, or four months, and snow is common ; the spring c< 
iinues from April till June ; the summer, the heats of which i 
[uently rise to 92° Fahr., last till September ; and the autunu3 
he shortest season. 3d, The cold region, to the north, in wbi< 
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beyond the 65tli parallel, only two seasonB occur — summer and 
winter ; the former lasting during June, July, and August, and 
the latter during the rest of the year. In this region the heat, 
during the brief simuner, when the sun never sets, is very great, 
and the cold during the long winter proportionally severe. 

317. In consequence of the principal mountain-chains being 
situated in the southern or warmer region, the climatic effects of 
altitude are less striking than in many other regions, though, as 
seen in Chap. XIII., the Alps and Pyrenees show various belts of 
vegetation, especially in their higher.ridges. As the snow-line in 
Europe makes a very gentle curve from about 8500 feet in the 
Alps to 2000 feet at the North Cape, only very limited patches in 
the Alps and Dovrefelds come within its limit ; and hence, also, 
these are its only mountain-ranges that exhibit the phenomena 
of glaciers. As might be expected, the western side of Europe 
is the most humid, the niunber of wet days on the Atlantic sea- 
board averaging from 150 to 160 annually ; the southern or Medi- 
terranean side is next in order, and averages from 90 to 100 days ; 
while in the centre and eastern districts a much smaller propor- 
tion (from 60 to 80) is experienced. On the whole, the climate of 
Europe is variable, but not excessive — ^fickle, but not insalubrious ; 
calling forth the utmost skill and watchfulness on the part of the 
husbandman, but never wholly disappointing his hopes or defeat- 
ing his labours. 

318. As might be expected from this diversity of climate, as 
well as from the diversity of physical aspect formerly alluded to, 
the vegetation of Europe presents considerable variety and com- 
plication — a complication which is greatly enhanced by the long- 
continued introduction of plants, useful and ornamental, horn 
other regions. Referring to Chap. XIII. for matters of mere 
botanical interest, we may here briefly enumerate the range and 
limits of those fruits and vegetables that have more especially a 
useful or economic bearing. The dwarf-palm, cactus, and banana 
are found skirting some of the warmer portions of the Medite^ 
ranean seaboard. From this point north to the 45th parallel, the 
orange, citron, fig, pomegranate, olive, almond, myrtle, laurel, 
cypress, mulberry, vine, &c., flourish in perfection — some of these, 
as the vine, being profitably cultivated in sheltered valleys^ so far 
as the 50th degree. From the 45th to the 55th, the apple, pear, 
plum, cherry, apricot, and smaller garden-fruits are abundant; 
and in the southern, middle, and western districts, as far north as 
the 60th parallel, the plane, chestnut, walnut, poplar, oak, ash, 
elm, beach, and other forest-trees, attain to perfect growth ; as do 
also wheats barley, rye, oats, beans and pease, bee^ turnip, and 
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ither bulbous roots^ the potato, flax, and common cultivated 
[rasses. In the central and eastern regions, where the climate is 
Qore decidedly coTitinental, these plants find their limits at the 
iOth and 52d parallels, even in the lowest valleys. Forests of 
)iiie and birch continue in luxuriance as far as the 67th degree ; 
it the 70th, oats and barley are the only kinds of grain which 
•esist the rigour of the climate, though not always ripening ; and 
)eyond this the dwarf-birch and willow, the Iceland and reindeer 
Qoss constitute the principal flora. 

319. From the densely-peopled and cultivated character of 
jlurope, its fauna (in all the larger animals at least) may be re- 
"egarded more as a domesticated than a natural one. The true 
latural fauna is varied enough in point of species, but not import- 
tnt in point of size or number, and, with the exception of those 
the white bear, blue fox, reindeer, lemming, &c.) restricted to 
ts arctic section, can inhabit indifferently any part of the country, 
rhis moderate climate, and the absence of great mountain and 
Lesert barriers, give a uniformity to the fauna of Europe which 
s not observable in other continents ; and this uniformity is 
;reatly augmented by the circumstance that the larger and more 
Lestructive animals are all but extirpated. But while the mode- 
ate and equable conditions of Europe have been unfavourable 
o the preservation of the native fauna, they have been specially 
avourable to the spread and crossing of the domesticated — and 
hus improved and improving breeds are to be found in every 
K)rtion of its surface. Devoid of the larger camivora and reptiles, 
if the bnlliantly-coloured birds and insects that belong to warmer 
fttitudes, the continent of Europe preserves, in an eminent degree, 
he elements and facilities for the cultivation of the useful and 
greeable. In this way, partly from native and partly from exotic 
tocks, have arisen the many and valuable varieties of the horse, 
J98, ox, sheep, goat, and pig ; of poultry — ^peacock, turkey, guinear 
owl, bam-fowl, swan, goose, duck, pigeon, &c. ; and in a less 

Legree also of game birds, such as the grouse, ptarmigan, partridge, "1 

apercailzie, and pheasant. In this way, too, the temperate seas ' 

f Europe are stocked with inexhaustible supplies of wholesome 
ish, shell-fish, and Crustacea, of which the cod, ling, tusk, had- 
iock, turbot, sole, skate, salmon, sturgeon, tunny, herring, pilch- 
xd, mackerel, oyster, crab, and lobster, are among the most 
bundant and valuable. 

320. On the whole, the geographical conditions of Europe, — its 
"aiied surface, numerous seas, and extensive sea-coast — its cli- 
oate, mineral, vegetable, and animal productions, — eminently fit 
b for developing the enterprise and industry of its inhabitants. 
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And tMs development has been further fostered by the fact that 
all the finer southern and western portions are peopled by the 
more energetic Indo-European or Caucasian race, while the eastern 
and northern (or least valuable sections) are inhabited by families 
of Mongolian descent Into the numerous families and tongues 
which time and the influence of external conditions have evolved 
from these two races, our limits will not permit us to enter ; but 
it may be remarked that the Celtic, Teutonic, and Slavonian are 
the predominating sub- varieties — each embracing a vast number 
of minor nationalities and tongues, which are still acting and re- 
acting upon each other in production of newer, and, on the whole, 
advancing stocks. The causes that regulate the growth and decay 
of nationalities is yet imperfectly understood ; but however much 
may be ascribed to the iiierent physiological peculiarities of race, 
there can be no doubt a vast amount depends upon the geogn^ 
phical or physical conditions of situation. In this respect the 
inhabitants of southern, central, and western Europe have had 
important advantages ; and hence their superior civilisation, their 
progress in the arts and manufactures, and in all that relates to 
mechanical and commercial industry ; and hence, also, their spread 
over a large portion of the New World and Australasia, whose 
aboriginal races seem destined to disappear before them. 



Asia. 

321. This anciently-peopled continent is by far the most exten- 
sive and diversified, the most compact in point of configuration, 
and yet, paradoxical as it may seem, the most widely separated in 
the character of its parts, of any of the so-called " quarters " of the 
globe. Situated between lat. 1° 28' and 78° north, and long. 26° 
and 190° east, it occupies the greater portion of the eastern hemi- 
sphere, and presents an area estimated at 16,165,000 square miles, 
or more than four times that of Europe. A considerable portion 
of this is insular and peninsular, but not to such an extent as to 
interfere materially with the massiveness and continuity of con- 
figuration to which we have referred. Occupying three great 
climatic belts — tropical, temperate, and arctic — and exhibiting 
vast mountain-chains and lofty table-lands, broad grassy steppes 
and shingly deserts, luxuriant river-plains and tracts doomed to 
everlasting snow or scorching sterility, it is impossible to treat the 
continent as a whole, and hence it is usual to arrange it into 
northern, central, western, eastern, and souther^ aections — each 
having well-marked and distinctive features. 
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322. 1. Northern or Russian Asia, as observed in a former 
treatise, includes the whole of the continent north of the Altai and 
Yablonnoi Mountains — a region (as we descend from the moun- 
tains) of rocks and forest-growth, steppe-land and frozen tundra, 
bleak and barren, suffering from intense cold, thinly peopled, and 
almost physically incapable of improvement. Steppes affording a 
rough pasture in summer, and here and there capable of a rude 
cultivation ; forests of pine and birch, gradually dwarfing to the 
north and east ; and tundra or bog-moss frozen for ten months a- 
year, and scarcely thawed to a foot in depth during a brief summer, 
are the leading features of this inhospitable section. 2. Central 
Asia, lying principally between the 30th and 50th parallels, em- 
braces the lofty table-lands of Gobi, Mongolia, Tibet, and Eastern 
Tartary — a region of sandy deserts and salt lakes, diversified by 
mountain-knots that rise above the snow-line, and occasionally in- 
tersected by narrow valleys of considerable amenity. As the 
northern section was the region of frozen, so the central is the 
region of arid deserts, with this difference, that the more southerly 
position of the latter confers on its deeper valleys both verdure and 
fertility. 3. Western Asia, stUl exhibiting a series of plateaux, 
and partaking of the desert character of the central region, but less 
elevated and more broken up by hiU-ranges and intervening 
valleys. On the whole, it is a hot and thirsty region, consisting 
largely of high sandy plains studded with numerous salt lakes, 
and but inadequately watered by rivers. The steppes of Western 
Tartary, the table-hmds of Persia, and the deserts of Arabia, be- 
long to this region — ^the finest portions being Turkey in Asia, 
Georgia, and the plains of the Tigris and Euphrates. 4 Eastern 
Asia, or that embracing the Chinese Empire, Mandshuria, and the 
islands of Japan, is one of the finest and most diversified sections 
of the great continent. The mountains of China and Mandshuria 
give to its western and northern portions an irregular and varied 
aspect, but its eastern consists of the great Chinese plain and low- 
lying region of vast extent and fertility. 5. Southern Asia, includ- 
ing Hindostan, Farther India, and the Malayan peninsula, and lying 
lately within the tropics, is decidedly the richest and most diver- 
sified region of the whole. Varied by minor hill-ranger and well- 
watered valleys, by deltas and river-plains, it enjoys a high 
though not oppressive temperature, has only a rainy season for its 
winter, and, except during long droughts in Central Hindostaii] 
presents in every district an unfailing verdure. 

323. The geological features of regions so vast and varied must 
necessarily partake of corresponding diversity; and though, tlxe 
geology of Asia is but imperfectly known, we have gathered enoiigli 

s 
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from recent surveys and travels to confirm the belief that every 
formation is there displayed, and this frequently on a most gigantic 
scale. Partaking of the arctic uprise of land in Siberia, having 
large rivers with gradually increasing deltas like those of the 
Indus, Ganges, and rivers of China, and being subjected in a re- 
markable degree to volcanic and earthquake disturbance in almost 
all its islands, as well in several parts of the mainland, its geo- 
logical relations must be undergoing considerable modification, 
but not at such a rate as to interfere, for generations perhaps, with 
its general features. All the economic minerals and metals are 
found within one or other of its countries ; the precious metals 
and gems also occur in abundance ; and though less noted for its 
coal and iron than Europe or North America, it has still enough, 
in India, China, and Japan, to form the basis of a successful 
mechanical and manufacturing industry. 

324 A continent stretching over three great geographical zones 
— ^tropical, temperate, and arctic — ^must necessarily exhibit great 
diversity of climates ; and this diversity is rendered still more re- 
markable by the lofty table-lands, arid deserts, and snow-clad 
mountain-masses that occupy so large a proportion of the central 
regions. On the whole, as we have elsewhere observed, the con- 
tinent of Asia does not enjoy the same modifying and tempering 
influences as Europe. A large proportion is situated on the con- 
fines of the polar circle, where, according to Von Wrangel, the 
winter's ice is gradually accumulating and overmastering the 
summer's heat; a still larger section is raised to an enormous 
altitude, and placed permanently under snow and glacier; its 
mass lies comparatively unbroken by intersecting and tempering 
seas ; it has no burning sandy tracts in the south to send warm 
breezes, as the Sahara does to Europe ; the Japan Current, whose 
genial waters lave its eastern coast, is of minor volume compared 
with the Gulf Stream ; and even its southern or tropical districts 
are cooled by the winds that flow from the snow-clad central 
mountains. It suffers, therefore, what Himiboldt calls an excessive 
climate — that is, excessively hot in summer and excessively cold 
in winter, or differing greatly during these seasons from the mean 
annual temperature. In other words, while the climate of Europe is 
more insular than continental, that of Asia is strictly and empha- 
tically continental. As instances of its extremes, it has been re- 
marked that grapes come to maturity on the borders of the 
Caspian, and yet the thermometer falls there in winter to 28° 
Fahr.; that at Tara, in Siberia, the temperature of the air in July 
and August rises to 82°, while a foot under the siirface the soil 
remains permanently frozen; that in Arabia, after a night of hoar- 
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frost, the day-heat will often be as high as 114° Fahr. ; that the 
snow-line in the Elbnrz is found at 11,000 feet, while in Tibet the 
mountains are clear at an elevation of 16,000 feet ; and that while 
all the great central deserts are all but rainless, the annual rain- 
fall in the lower plains of India amounts to 400 or 500 inches. 

325. With a position so extensive, a contour so decided, and a 
climate so varied, we might naturally expect an abundant and 
diversified life, and in this respect, both vegetable and animal, 
Asia stands unrivalled among the other continents. If excelled 
in vegetable luxuriance by tropical America, it has at least greater 
variety of forms,, while its animal life has a physiological power 
and completeness unapproached by other regions. Referring to 
Chap. XIII. for the general features of its vegetation, as governed 
by the great climatic zones, we shall here merely allude to those 
products which, like tea, are either peculiar to its soil, or which, 
from their value, become of industrial and commercial importance. 
Among its j^ite may be mentioned the grape, orange, shaddock, 
lemon, lime, tamarind, mangosteen, fig, mulberry, olive, pome- 
granate, walnut, almond, cocoa, date, bread-fruit, cashew, betel, 
banana, pine-apple, melon, quince, apricot, peach, and all the 
garden fruits known in Europe ; among grains and cultivated 
roots, maize, rice, wheat, dhourra, barley, pease, beans, lentils 
and other leguminous seeds, potato, yam, lotus, arrow-root, &c.; 
among spices and kindred products, cinnamon, nutmeg, clove, 
pepper, camphor, cassava, tea, coffee, sugar, sago, &c. ; among 
drugs, dye-stuffs, fibres, and the like, indigo, amatto, saffron, gam- 
boge, galls, poppy, rhubarb, aloes, gums, hemp, jute, cotton, and 
many others ; while among the forest and ornamental trees may be 
noticed the teak, cedar, sycamore, cypress, savin, mangrove, bam- 
boo, banyan, plantain, cocoa and other palms, along with ebony, 
iron-wood, box-wood, sandal-wood, and others of a kindred nature. 

326. It has been remarked by Guyot, that "as in the New World 
the vegetable kingdom has the preponderance over the animal, so 
in the Old World the animal has the preponderance over the vege- 
table. Not only are the representatives of the corresponding families 
larger and stronger in the Old World, but they appear in more 
numerous genera and more varied species, and even exhibit typeg 
entirely foreign to the New." In accordance with this opinion, i1 
might naturally be expected that Asia, the largest and most diver 
sified of the Old World continents, should have a fauna of coxxe 
spending variety and power; and thus it is that in all the zoolo 
gical classes (with the exception, perhaps, of the reptiles and in 
sects which dominate in tropical America) its anim^ds excel l>otlx^ 
in nobleness of form and in numbers. Among the mammalicA 
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may be noticed the apes and monkeys of the south; the lion, tiger, 
leopard, panther, ounce, and other felinee of the south and west ; 
the elephant, rhinoceros, and tapir of India ; the wolf, hyena, 
jackal, blue and black fox, and numerous varieties of dog ; the 
horse, ass, dzigettai, and camel of the central and western plains ; 
the common ox, buffalo, auroch, yak, and musk-ox; the elk, rein- 
deer, antelope, axis, argali, ibex, goat, sheep, mufflon, &c.; porcu- 
pine, jerboa, marmot, lemming, beaver, bat, ermine, &c.; together 
with bears, badgers, gluttons, sea-otters, seals, sea-cow, and other 
cetacea. As her mftTnTn alia excel in variety, so also they excel in 
utility; and from Asia, as the original source, have other r^ons 
derived most of their domesticated and semi-domesticated animals, 
as the horse, ass, camel, elephant, ox, goat, sheep, pig, dog, cat ; 
peacock, pheasant, barn-fowl, and other creatures so necessary to 
the comfort and luxury of civilised communities. Her seas, lakes, 
and rivers are stocked with valuable food-fishes, though less not- 
ably than Europe; red coral, mother-of-pearl, and pearls are 
fished from her gulfs ; and among her special insect-products may 
be noted her sUk, honey, bees-wax, cochineal, gall-nuts, lac, and 
other kindred substances. 

327. Ethnologically the continent of Asia is occupied by three 
main varieties of mankind — ^the Caucasian, Mongolian, and Ma- 
lay; the first inhabiting the south and west, the second the north 
and east, and the third the south-western region and adjacent 
Archipelago. Though each of these varieties embraces a vast 
variety of families and tongues — Hindoos, Persians, Syrians, Arabs; 
^, Chinese, Japanese, Mongols, Tartars; Burmese, Javanese, Polyne- 
sians — ^yet, on the whole, the physical peculiarities of the contin- 
ut have kept them wonderfully apart, and thus each has enjoyed 
A own peculiar civilisation for ages. How little has China and 
*pan been influenced by India; how little has the civilisation of 
apan reflected on Malaysia; and though Tartar and Elalmuck in- 
oads from the north have been frequent enough on the south, how 
tattle i2iipres8^'^*%ftve that of destruction, have they left on the 
jplains of Pr >e deserts of Arabia ! Mountains and deserts 

xonxi hatr' mpassable than seas ; and thus, altogether 

gpM x £Kt iological peculiarities of the Mongolian and 

ls been none of that action and reaction, that 

sorption, that commingling and evolution of 
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and complex relations; the other, in vast areas, and chiefly on far- 
separated river-plains, has been more productive of isolation and 
stationary individualism. " What has been wanting to the com- 
munities of Asia," it has been well remarked, '' is the possibility of 
actions and reactions upon each other, more intimate, more per- 
manent ; it is the possibility of a common Hfe. On the other 
liand, the smallness of the area, the near neighbourhood, the mid- 
land seas thick sown with islands, the permeability of the entire 
continent— everything conspires to establish between the Euro- 
pean nations that community of life and of civilisation which 
forms one of the most essential and precious characteristics of 
their social state." It is thus that civilisation in Asia stands still 
or declines, while in Europe it is ever active and progressive. 



Africa. 

328. The next great « quarter " of the Old World is that of 
Africa, having an estimated area of 11,360,000 square miles, or, 
including Madagascar and the other islands, of 11,855,000. It lies 
between the parallels of 37° N. and 3^ b& S., and between long. 
17° 30^ W. and 51° 30' E. ; being thus mainly tropical, and having 
only its northern and southern borders within warm-temperate 
latitudes. Separated from Europe by the Mediterranean, and but 
slenderly united to Asia by the low Isthmus of Suez, which is only 
72 miles across, it is all but insular, and has consequently little of 
that community which marks the relations of Europe and Asia. 
The continuity of its coast-line is almost unbroken by seas, gulfs, 
or estuaries, and this resisting solidity of form is no doubt the 
chief cause of its interior being less known than that of any of the 
other continents. Even the disposition of its rivers is unfavour- 
able to its penetration. The largest of them flow within its 
equatorial limits, and either debouch through swampy jungles, 
which is death for the white men to enter, or descend by cataracts 
and waterfalls inaccessible to navigation. 

329. So far as we know of the physical peculiarities of the co: 
tinent, it may be divided into four or five regiona— differing i 
physical structure, but less in climate and vital aspects, than tif 
regions of any of the other continents. Beginning with the noi 
we have — 1st, The mountainous district of the Tell lying betw« 
the Mediterranean and the Sahara, and composed largely of 
Atlas chain, with its subordinate spurs and intervening vi 
Where the hills decline towards the Atlantic in Marocco tlw 
trict is somewhat flat, but, generally speaking, it is hilly and 
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giilar, with a warm but salubrious climate towards the Mediter- 
raneiin, and a dry scorching one on the north, where it insensibly 
f^tiduates into the Sahara. 2d, The region of the Sahara or Great 
Dest'rt, which stretches from Marocco on the west to the Nile 
valley on the east — a hot and arid expanse, consisting partly of 
shingly plateaux resting on gypsum and largely impregnated with 
salt, and partly of dunes or ridges of drifting sand, the whole being 
marked at interA^als by odses or fertile spots that enjoy the pre- 
sence of a spring or runnel of water. The Sahara has thus its 
fertile and inhabited oases, its scrubby plateaux, and its shiftdng 
dunes of utter sterility. Its general character, however, is aridity 
and barrenness, and the oases merely appear like islets of verdure 
amid an ocean of desert. 3d, The Atlantic-coast region, a belt of 
luxuriant but imhealthy lowland, marked by numerous deltas and 
jungles along shore, but gradually rising and improving to- 
wards the interior. This region is rich in tropical forest-growth 
and verdure, but its pestilential climate has hitherto resisted aU 
European approach, unless at a few very limited and unsatisfac- 
tory stations. 4th, The Southern or Cape region, which rises by 
successive hill-stages towards the north or unknown interior— 
these stages forming irregular terraces which are covered with grass 
after the rains, but become hard and bare, or but partially dotted 
with thorny scrub, during seasons of drought. On the whole, this 
region is hilly and irregular in surface, has a salubrious but arid 
climate, is by no means well watered by rivers, and is occasionally 
subject to destructive droughts. 5th, The Central region, which, 
so far as we can judge from recent discovery, partakes of the 
character of a high table-land, having numerous lagoons and 
creeks during the rains ; but is wanting, on the whole, in rivers of 
permanent volume and navigable channels. Though strictly tro- 
pical, the elevation of this table-land confers on many portions 
the climate of temperate zones ; and where water is present the 
country is described as fine and fertile, well peopled, and partially 
under a rude cultivation. The 6th and last region is that skirting 
the Red Sea, and comprising the hilly but not unfertile table-land 
of the Galles and Abyssinians,'the more stony and arid country of 
Nubia, and the alluvial valley and delta of Egypt. This region is 
remarkable for its fine but somewhat arid climate ; its fertility 
where water is present ; and, ethnologically, for the early and 
peculiar character of its civilisation. 

330. Geologically we know little of the formations of Africa, and 

hitherto the continent has contributed less to the mineral and 

metallic wealth of the civilised, yrorld than any other region. The 

whole of the Sahara is Wt t\i^\r^'&a.'s<i^\k^^ ^1 ^Xssi'ascrj ^^^ wen 
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i^temaiy oc«au ; the deltas of the Nile, Niger, and other great 
v^era, consist of recent alluvia; the fonnations of the Cape are 
.iefly mesozoic sandstones ; the northern belt consists largely of 
ft tertiary limestone ; the primary hills of Ahjssinia and Nuhia 
e known chiefly for theii granites and porphyries ; and moat of 
le ialands, whether in, the Atlantic or Indian Ocean, are of recent 
^Iconic origin. The great interior is unknown, but, judging from 
jnformation as well- as from native ornaments and report, iron, 
opper, gold, and silver must exist in its mountains. 

331. As already obaen'ed, the greater portion of the continent 
lea Tvithin the tropics, and must necessarily partake of the climate 
leeuliar to the torrid zone. The Cape region and the region of 
he Tell are the only parts enjoying warm-temperate or suh-tropical 
jouditions, and even these are more or less influenced by the ck- 
oessive climate that pervades the interior. " It is only that strip 
of Barhary," saya Balbi, " which the Atlas protects from the hot 
winds of the desert, and that part of Hottentotland protected by 
the Nieuveldt and other mountains near the Capo, that enjoy the 
advantages of countries situated within the temperate zones. With 
the exception, therefore, of these small and narrow tracts, of those 
regions in the interior to which their elevation imparts the cool- 
ness of higher latitudes, and of the borders of the great lakes and 
rivers (see Captain Speke's experiences, 173), every part of Africa 
is burnt up by continual heat, and the continent generollj' may be 
regarded as the warmest region of the globe. Nothing moderates 
the heat and the dryness but the annual rains, the sea-winds, and 
the elevation of the soil ; while in the well- watered regions, the 
moisture combined with the heat, though productive of the most 
luxuriant vegetation, are extremely deleterious to man." 

332. As might be expected from the tropical position and 
generally hot and arid climate of Africa, its vegetation is more 
unique and much less varied than that of Europe or Asia. Along 
the Mediterranean seaboard and the lower valley of ibn Nile, the 
vegetation greatly resembles that of southern Europe, with a.' 
greater tendency, perhaps, to tropical forms. Wherevei' soil anf 
water can be obttuned, rice, maize, wheat, lentil, and millet j tl 
grape, orange, fig, olive, and date ; cotton, flax, and tobarico, 
be grow to perfection, and often, as in Lower Egypt, \ ield la] 
returns. The Sahara, where vegetation is possible, is chi 
by its prickly shrubs, brooms, pistachios, tamarisks, eplicilras, f 
dry tufty stypa grass, while in its oases the date-pahii is tlie^JI 
dispensable product, having, as the Arabs say, "ita feet in 
and ita head in Are." In Upper Egypt and the hi^blai 
Nubia and Abyssinia, the characteristic plants are gum-yieltU 
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, ; . "white-ant, Bcorpion, tietze-fly, ftc.), are chiefly destraclive 
^. . ':)leaome; and ehe poaBessesfewor none, like the silkworm, 
_-. . "^ ~al insect, and bee, of commercial utility. 
^^ _ " ■ The inhabitants of AMca (laying aside English, Duteh, 
_ "" ~iieBe, and other European aettlera) belong chiefly to the 
J - c branch of the Caucasian variety in the north, and wholly 
' - negro or Ethiopian variety in the central and southern 
~_ "--s. The Semitic or Syrio-Arabian stock embraces the Egyp- 
~~-~- or Copta, the AbyBsinianfl, Nubiana, Arabs, BerberB, Moors, 
"' *'~ 'ither iamiliea alining from their admixture ; the Negro va- 
— ■ -^ embraces, on the other hand, the whole of the dark-cdonred 
-^— — Qallas, Fellatah, Jaiofes, Mandingoes, Krus, Aehantee*, Con- 
- = >- ;:iulus, Eafflrs, Hottentots, Bosjesmen, Ac. — that people the con- 
i-^ ^ it from the Sahara to the Cape. Unless within the European 
-ri T-.ementa, civilisation in Airica is at a very low ebb. The Moors 
-' '^ J. Arabs, though active traders, ace but in a state of semi-civili- 
' 'r-z. 3a : their manufactures in silk, cotton, linen, leather, and the 
■=: : I !, are rude ; and their commerce, carried on chiefly by caravan, 
. ^. imited and uncertain. The n^ro races, on the othei hand, 
' ^i.* iigli some tribes indulge in barter, others keep herds, and some 
> ; .-.tin attempt a primitive agriculture, are not, as a whole, raised 
3 ..yond the level of barbarism. The inherent qualities of Iheiace 
. , ^ e evidently inferior ; and whether it is capable of amalgamating 
- ^itb the white, of being taught and elevated by its example, or is 
^ ^ Mimed ultimately to disappear before it, are problems yet to be 
, _.. jlved by the ethnologist On the whole, the habitat of the true 
. „ fegro seems to be strictly intertropical ; under its fiery sun he 
^^ .8 robust, hardy, and lively ; beyond it he becomes enfeebled, and 
^ legeneratea. The heat, however, that develops the Negro ener- 
~ .Tales the white, and this circumstance may yet reserve for the 
^. race an equatorial zone in which it may attain to a limited and 
_. semi-dependent civilisation. 



North Amarica. 

33A. This great section of the New World bears much the p,a 
relation to the western hemisphere that Asia-Europe does to lb 
easlem ; while South America holds a somewhat analogous pof 
tion to Africa. Like Europe and Asia, North America lies diiel 
within the northern temperate zone ; has its coast-line well d i vf: 
sifled by baVs, gulfs, peninsulas, and promontories, and bae all 
numerous outlying islands. South America, on the other tixj^ 
lies, like Africa, mainly within the tropics ; is also slenderly u n 
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to tbe North by a narrow peninsula ; has a coast-line little bK>ken 
faj indenlationa ; and has, in like mauner, fewer and lees impoit- 
gjit iahmilB. Unlike the Old World, however, the trend of whose 
main monntain-masseB are latitudinal, the New World has it9 
mountain-chains arranged longitudinally ; and this disposition, of 
course, confera on its surface many important distinctions, both 
physical and vital. On the whole, the continent of North America 
enjoys temperat« position, extent of coast-line, ready access to it« 
interior by bays, lakes, and rivers, and at the same time compara- 
tively easy communication between all its parts, from the absence 
of impassable deserts or insurmountable mountain-barriers, 

336. Physically, the continent mkyhe arranged into the follow- 
ing regions, the nature of which, with alight modifications, are 
thus given by Malte Bmn and Babli : — 1. The narrow region of 
Central America, which lies between the Gnlf of Mexico and the 
Pacific, and is traversed throughout it£ whole length by mountain- 
ranges, which leave but a strip of low land along the sea-coasts, 
while in certain portions of the interior they form (par. 86) ele- 
vated table-lands. This region is strictly intertropical, and, along 
with the West India Islands, is mafked by a tropical flora and 
fauna, ■anleaa in the more elevated ^rtions of the interior. 2. The 
maritime region, extending from the extremity of the Caiifornian 
peninsuln northwards to Aliaska, and from the shores of the 
Pacific inlfind to the ridge of the Sea Alps. This region has a 
fair climHte, but is hilly, irregular, and cut up by numerous crosa- 
gorgea from the mountains. 3. Tlie elevated region which forms 
% sort of table-land between the Sea Alps on the west and the 
~ y Mountains on the east. In its southern portion it presenls 
ta arid salt plains of the Califomian desert ; between 4U° and 45° 
th it presents a somewhat fertile desert ; but beyond the last, 
loned parallel it becomes barren and inhospitable. 4. The 
I central plainof the Missouri and Mississippi (par. 94),eztend- 
roni the Rocky Mountains on the west to the Allegbanies on 
east, and from the Gulf of Mexico northward to the 50th par- 
_<il. On the west this region is rich and well wooded ; in the 
■""die it is open or rolling prairie-ground, but not unfertile j but 
jjpy ards the west it is dry, sandy, and almost a deserti 5. The 
^^ declivities of the AJleghany Mountains and tihe maritime 
" ^Xtendiag to the shores of the Atlantic. Thja is a region 
■^ forests, of mixed but rather poor soil, aiid with con- 
tracts of swamp-land in the south. 6. Tht great nortb- 
l>eyoud the parallel of 60°, dotted on its so ilhem bmils 
%flts, hut beyond this, for four-fifths of its uea, a bleak 
'■.e waste, overspread with numerous lake \, find resem- 
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bling Siberia in the physical character of its surface and the rigour 
of its climate. 7. To these may be added (though not belonging 
to the American continent) the frozen region of Greenland and 
the Arctic islanda — a diviBion of the globe doomed to perpetual 
snow, ice, and glacier, and whose wealth arises more from the 
temporarily open seas that surround it, than from the land of 
which it is composed, 

337. Qeologically, this continent presents every stratified for- 
mation, from the old crystalline schists of St Lawrence and the 
Appalachians down to die recent alluvia of the Mississippi, and 
from the granites, syenites, and porphyries of the Bocky Moun- 
tains down to the recent ejcctiobs of the Mexican volcanoes. The 
great central plain, from the delta of the Mississippi north to the 
Arctic Ocean, is chiefly of recent oripn, and consequently yields 
comparatively few mineral or metallic treasures ; but in the other 
regions the economic minerals are numerous and abundant Of 
these may be mentioned — granite, and building-stones of every 
description ; limestone, marble, magnesian limestone, and gyp- 
sum ; salt and salt-springe in great abundance, and from sevenil 
formations; coal, both anthracitic and bituminous, in inexhaupt- 
ible fields in the United States and Nova Scotia; asphalte, pitch, 
and petroleum springs ; roofing-slate, whet-slate, and other minor 
minerals. The chief metals are — gold in California, British Colmu- 
bia, Mexico, and the Oarolinas ; silver in the Central States and 
Mexico ; iron in the United States, Canada, Mexico, aiid other 
districts i copper abundantly in the United States, Canada, and 
the far north ; lead also abundantly in the Western States and 
Canada ; and tin, mercury, and antimony in Mexico. 

338. As will be seen by a glance at the sketch-map of isotherTiit^, 
the climate of North America is greatly inferior to that of the Old 
World within corresponding parallels of latitude. The great ex- 
tent of surface that lies within the arctic zone, the solidity of *** 
mass, unbroken by the tempering influence of seas, the flo# 
the arctic current that chills so much of its eaatern seab' 
the amount of forest and undrained lands, and the cold aerii 
rents that paas from the frozen lake-region of the noith ovi 
interior, all conspire to diminish the temperature that nor 
belongs to its get^raphical position. This diminution is u 
stated to be about 10° Fahr., as compared with the 
the same parallels in the west of Europe. The wei 
seaboard, however, ia much warmer than the e 
same parallel; but this influence is little felt beyoni 
of the Sea Alps, and does not tend to mitigate the 
currents that reduce the temperature of the interior. 
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North America possesses a true continental climate — severe win- 
ters and warm summers ; and from this circumstance it has been 
supposed that it will be impossible to carry the arts of civilised 
life much beyond the 56th or 58th parallel, latitudes within which 
are situated the capitals of Norway, Sweden, and Russia. 

339. Compared with the Old World, the New World excels in 
the exuberance of its vegetation. The breadth of its plains, the 
humidity of its atmosphere, and its rich and well-watered soil, con- 
fer on it a verdure — a " leafhess," as it has been termed — ^not to 
be found in the flora of the OVL From the Isthmus of Panama 
north to the 27th parallel, the vegetation (with the exception of 
that on the higher table-lands) ia altogether tropical ; and hence 
all the low groimds of the West India Islands and Central States 
teem with the products of that zone * From the 27th north to 
the 35th parallel is the warm-temperate zone of the continent, 
marked by its magnolias, swamp -hickories, lobelias, deciduous 
cypress, and luxuriant climbers and aquatics ; and between the 
35th and 44th parallels may be said to lie the true temperate 
zone, characterised by its oaks, ash, hickory, plane, white cedar, 
sasafras, cornel, yellow birch, red maple, fine flowering climbers and 
aquatics, and growing in perfection all the cultivated fruits and 
grains. North of the 44th parallel to the basin of the St Lawrence 
and Canadian lakes stretches the colder-temperate zone, with its 
oaks, elms, birches, maples, red and white pines, and the ordinary 
fruits and grains of temperate Europe ; while northward and be- 
yond lie forests of pine and fir, that gradually give place to the 
dwarf willows and birches of the arctic regions. In an economic 
or agricultural point of view, it may be stated that all the common 
garden fruits of Europe can be reared in the northern states of 
the American Union ; while oranges, pomegranates, melons, figs, 
peaches, grapes, olives, almonds, &c., can be grown in the south. 
Indian-corn is cultivated all south of Maine, tobacco as far north 
as 40°, cotton to 37°, the sugar-cane to 32°, rice in the Gulf States, 
wheat all over the Union, oats and rye chiefly in the north, and 
hemp, flax, and hops in the western and mid(Ue districts. 

* " The rich and varied productions of the West Indies," says a recent 
authority, '* give them an important place in the commercial world. To 
their valuable native plants, art and industry have added others not less 
valuable. The sugar-cane, yielding its threefold tribute of sugar, mo- 
lasses, and rum ; the coflfee-plant, pimento, or allspice ; the plantein and 
the banana ; the pine-apple, anona, yam, sweet-potato, maize, cassava, 
manioc, with cacao, tobacco, and cotton ; various dye woods and stufifo, as 
ftistic, logwood, indigo; medicinal plants, as liquorice, arrow-root, ginger, 
jalap, ipecacuanha ; building and cabinet timber, as mahogany, lignum 
vitse, and cedar ; to which. Aist msi^ \)^ ^.d-do^d the bread-fruit, cocoa, mango, 
papaw, guava, orange, lemon, \&x[i«rvxvd., ^^» wA^"OaKt \xQ^vaBj».^x4i.ts." 
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••40. It has been already stated that while the New World ex- 
5 in the exuberance of its vegetable fonns, it falls far behind 
Old in the variety and importance of its animals, the reptiles 
i insects alone excepted. Many of the higher forms are alto- 
her wanting, others are but feebly represented ; while, gener- 
y speaking, there is a greater paucity of specific variety even in 
3 forms that occur. Whatever may have been the condition of 
o New World during geological times, it is certain that since the 
rrent era it had no native horse, ass, zebra, or other equine spe- 
js ; no giraffe, camel, or dromedary ; no elephant, hippopotamus, 
rhinoceros ; no useful ruminants comparable to those of Europe 
id Asia ; and though the puma, jaguar, and ocelot may represent 
te lion, tiger, and leopard, there is a feebleness and want of 
umerical abundance even in these, as compared with feline and 
imivorous animals of Asia and Africa. Besides these, other 
)ld World forms have their representatives, but still inferior in 
ower and numbers — ^as, for example, the camel by the llama, the 
oaxsupials of Australia by the opossums, the ostrich by the rhea, 
he crocodile by the alligator, and so on of other orders. In like 
nanner the monkeys of the New World are inferior to those of 
the Old ; the native red man also is less robust, less hardy, and 
less lively than the black man of the Old ; and thus, while the 
latter has thriven and multiplied even under toil and oppression 
in the New, her own aborigines have dwindled and died at the 
sight of industry and application. From the proximity of the 
continents perhaps, there is a stronger resemblance between the 
fauna of North America and that of Asia-Europe than there is 
between those of South America and Africa, though both are 
chiefly tropical ; and hence such forms in the north as the Esqui- 
maux dog, the lynx, wolf, fox ; polar, black, and grisly bears ; 
badger, otter, beaver, ermine, bison, elk, reindeer, moose, red, and 
other deer. It is chiefly from this cause that all the domestic 
tmimals of the Old World — ^horse, ass, camel, ox, sheep, goat, pig, 
dog, cat, poultry, and the like — ^have been introduced with such 
success in North America, and have spread with the colonists over 
every habitable region of the continent. 

341. Keferring to Chap. XV. for the characteristics of the abori- 
gines of the New World — ^the American or red variety of mankind 
— ^we may here remark that at the time of its discovery in 1492, 
North America was inhabited chiefly by Indian tribes, who led a 
savage life, and obtained their subsistence by hunting and fish- 
ing, having neither herds nor flocks, nor even attempting the 
rudest forms of agriculture ; by the Aztecs, a civilised offshoot of 
the race who inhabited the Mexican table-land, and had made 
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considerable progress in the arts; and by the Esquimaux (of 
Mongolian descent), who peopled, as they do now, the shores of 
the northern seas, and subsist wholly by fishing. Since then the 
continent has been colonised and peopled principally by Euro- 
peans (we exclude the African negroes imported as slaves, and 
their half-breed progeny), Spaniards in Mexico and the West 
Indies, French along the St Lawrence and Mississippi, British, 
Dutch, and Germans originally along the eastern seaboard, but 
now over the whole habitable surface, insular and continental. 
From these, and from their admixtures, have arisen what may be 
termed the Anglo-American family, before whose advance the 
native tribes are rapidly disappearing, and who, carrying with 
them and still enjoying all the advantages of European civilisa- 
tion, are gradually laying the foundation for newer phases of pro- 
gress, in conformity with the special conditions of their continent 
We say phases^ for the continent is too large, and its geographical 
conditions and consequent industry too diversified, ever to he 
governed by a single and uniform rule ; and in all likelihood he- 
fore many generations pass away, Mexico, the Pacific States, British 
America, the New England States, the Gulf or Southern States, 
and the Great Central Plain, will each be the seat of an indepen- 
dent community — connected, it may be, by commercial ties and 
reciprocating international offices, but still individually influenced 
by their position, and progressing at different rates and in differ- 
ent ways, and this in a great measure according to the nature of 
their material surroundings. 



South America. 

342. United to North America by the narrow Isthmus of 
Panama, which is little more than eighteen nules across. South 
America, like Africa, stretches away into the southern hemi- 
sphere, bulking broadly beneath the equator, but gradually taper- 
ing till it terminates in the bold rocky promontory of Cape Horn. 
Extending from lat. 12° north to 56° south, and fi-om long. 25° to 
82° west, it has an estimated area of 6,820,000 square miles, fully 
two-thirds of which are situated within the tropics. Like Africa, 
its triangular outline is little broken by gulfs or bays ; but, unlike 
that continent, it has a gigantic river-system, whose estuaries and 
channels afford the means of communication with its remotest 
interior. All its better portions are thus fairly accessible — the only 
barrier being the lofty ridges of the Andes (practicable only at a 
few narrow passes), wlaicVi a«^ax^\fc ^Jaa. %a&\Km -^^ledns from the 
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. western seaboard. Tf we except the West Indies, which have 
been noticed in connection with North America, it haa few con- 
tiguouB islands, and these are comparatively small and of little 
importance. 

343. In phpiical aspect the continent has been arranged by the 
authors of the ' New York Atlas' into the following regiona : — 
1, The low-terraced belt of country skirting the shores of the 
Pacifie, from 50 to 150 miles in breadth and 4000 in length, of 
Twhich the two extremities are fertile, and the middle sandy, arid, 
and dotted with salinaa. 2. The basin of the Orinocco, enclosed 
by two divergent branches of the Andes, and consisting of exten- 
sive plains, called Hanoi, either destitute of wood or merely 
dotted with treea, but covered daring part of the year (the rainy 
season) with loxuriant herbage. 3. The basin of the Amazon, a 
vast plain, embracing a eur&ce of more than 2,000,000 square 
miles, intersected by numerous tributary rivers, possessing a rich 

' Boil fuid humid dimate, almost entirely covered with dense forests 
(aelva£) and impenetrable jungle - marshes by the river -sides. 
4. The great valley of the Plata, occupied ohiefiy by open plains 
called pampat, in some parts (towards the Andes) barren and 
shingly, but in general covered with weeds, thistles, and tall 
grasses, on which feed prodigious herds of wild hotses and cattlu. 
6. The high country of Brazil, eastward of the Parana and Uru- 
guay J presenting dternate ridges (derras) and valleys, covered 
with wood towards the Atlantic, but opening into steppes in the 
interior. 6. The sterile region of Patagonia, rising by successive 
stages from the Atlantic — the soil shingly and strewn with 
boulders, the grass stunted, and the climate cold and tempestu- 
ous. And, lastly, the Andean belt, stretching from south to north, 
consisting of mountain -ridges covered with snow and volcanie 
ejections, and of intervening gorges and occasional table-lands, v 
whose elevations confer on their tropical position the climates dj 
temperate regions. 

344. Though observations have been made at numerous d' 
tached points, the geological structure of the continent is yet ir 
perfectly known. It has been ascertained, however, that t 
great plains above alluded to are of tertiary or post-tertiary origi 
that primary and secondary formations occur in Brazil, Guiaj' 
and Columbia ; that a considerable portion of the Pacilio a 
board is of recent upheaval ; and that within the range of t 
Andes there are vast exhibitions of crystalline and Silurian schifl 
granites, porphyries, felstones, and other igneous rocks, d 
the most recent acoriee and lavas. The Andes, as well as Brazill 
and Columbian sierras, are also rich in metalliferous veins i 
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precious minerals, and, laying aside the recent discovery of the 
Califomian and Australian gold-fields, no other continent has 
yielded so long and so plentifully such valuable supplies. Gold, 
for example, is found in New Qrenada, Brazil, Chili, Peru, and 
Bolivia ; silver in Peru, Bolivia, Chili, and La Plata ; tin and 
quicksilver in Peru ; copper, lead, antimony, iron, &c., in various 
districts ; coal in Brazil, Chili, and Panama ; salt in Grenada and 
La Plata ; nitrates of soda and potash in the salinas of La Plata 
and Peru; diamonds in Brazil; emeralds and other precious 
stones in most of the higher regions. 

346. With the exception of Tierra del Fuego and Patagonia, which 
are chilled by the cold currents from the Antarctic Ocean, and 
the plain of La Plata, which, towards the Atlantic, enjoys a genial 
and temperate climate, the great bulk of South America is situ- 
ated within the tropics, and would consequently be subjected to 
the uniform temperature of that zone, were it not for the widely 
different elevations of the surface. These altitudes are not, as 
might be supposed, tantamoimt to belts of latitude, but are pro- 
ductive of peculiar climatic results, which are thus graphically 
described by Malte Brun *. — ^The three zones of temperature which 
originate from the enormous difference of level between the vari- 
ous regions, cannot by any means be compared with the zones 
which result from a difference of latitude. The agreeable, the 
salutary vicissitudes of the seasons, are wanting in those r^ons 
that are here distinguished by the denominations of frigid, tem- 
perate, and torrid. In the frigid zone, it is not the intensity, but 
the continuance of the cold, the absence of all vivid heat, and the 
constant humidity of a foggy atmosphere, that arrest the growth 
of the great vegetable production, and in man perpetuate those 
diseases that arise from checked perspiration. The hot zone 
of these places does not experience excessive heat, but it is a con- 
tinuance of the heat, together with exhalations from a marshy 
soil, and the miasmata of an immense mass of vegetable putrefac- 
tion, added to the effects of an extreme humidity, that produces 
fevers of a more or less destructive nature, and spreads through 
the whole vegetable and animal world the agitation of an exuber- 
ant but deranged vital principle. The temperate zone, by possess- 
ing only a moderate and constant warmth like that of a hothouse, 
excludes from its limits both the animals and vegetables that 
delight in the extremes of heat and cold, and produces its own 
peculiar plants, which can neither grow above its limits, nor de- 
scend below them. Its temperature, which does not brace the 
constitution of its constant inhabitants, acts like spring on the 
diseases of the hot xeglona, axL<i\i[k& ^svmmvsx in those of &e frigid 



Accordingly, a mere journey from the Bumiait of the Andes 

level of the aea, ot riice vend, proves an important medical 

. which is suf&cient to produce the most aBtooishing changes 

■i human body ; but living conHtantly in either one or other 

ese zones must enervate both the body and the mind by its 

)tonou3 tranquillity. The summer, the epring, and the win- 

.re seated on three distinct thrones which they never quit, 

ure constantly surrounded by the attributes of their power. 

.6, As might be expected from its vast river-plains, tropical 

ttion, and excessive humidity, the continent of South America 

ds nniivaUed in the luxuriance of its vegetable life. In no 

on ii9 the true tropical forest seen in aach perfection, in none 

.ipidity of growth so remarkable, and in none is there such a 

elopment of verdure and foliage. Here is the great headquar- 

. of the palms and melastomas — the former, in numerous genera 

L apeciea, spreading over an area of nearly 600,000 square miles. 

~he Amazonian selvas and Brazilian forests present, as we have 

merly remarked, the most luxuriant and gorgeous growth of 

Una and tree-ferns, tangled with rope vines and other parasitical 

oibers, and studded with the strangest forms of the orchids. 

rfre also flourish the mahogany and other timber trees ; the dye- 

x>dB of commerce ; the siphonia or india-rubber tree ; the Brazil- 

iit, vegetable ivory, and castor-bean ; the banana, onana, pine- 

' pple, agave, guava, custard -apple, cassava, pepper -plants, and 

ictuses of innumerable species, yams, potato, arrow-root, &c. ; 

~ /hile the rivei^«reeks are covered with the most gorgeous floaters, 

onong which is the celebrated Victoria Begia of Sir Bobert 

^homburgk. The higher grounds of Pern and Bolivia are the 

headquarters of the cinchonas or medicinal barks ; the escallonias 

and calceolarias ; and there also flourish the milk-tree, the cour- 

' baril or copal-tree, and araucaria. In Paraguay is grown the 

matt^ or Paraguay-tea tree ; and in the more tropiuil juiitioris are 

cultivated the sugar-cane, coffee, cocoa, chocolate, t.iiiMii, iirrow 

root, indigo, tobacco, cotton, and a thousand lusciosr: li-jiis ; wh' 

in Chili, 'the Italy of South America,' are grown t]i< \ liiu, oli 

and European fruits." 

347. But while the vegetable element predominati -, ilie aai 
is subordinated ; and, as foruierly stated, the fauna ol Suiitb Aj 
ica is greatly inferior, both in importance and varji i \', to tha 
the Old World continents, or even to that of Nt.iili Amel 
Its tropical regions excel, it is true, in the intensity ni i]]L-ir i 
tilian and insect life, but in all the higher ordern i]vri- is &- 
markable paucity compared with its area and vi;;< uiiiuit. 
monkeys, though in myriads, are inferior to tiie ouMnj^-outaC 
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[.if .t "iiH ~0i TTrrid ; its bats are nnine- 
n ::ii: JuniiA Ar^pelago ; its chief car- 
ivrniEL iiiiL :»:tl:c, nrpiesenting the lion, 

:i-'i I- -^-'^ £ lE -ks24 Ar>l Africa ; its gnawers 

.^*--v .-i.n :..l*-^v t*?' Tr:>v ^uiuis. ii:. ir>t ereiywhere abundant; 
ji- in." '^m^n.ijri' i*."** 11*^ u:piA.-x. iinL ?»:c:>e anall species of deer, 
•u»-ir; ir-ii^ n lurirrv.. I* -l* <v-n.in»-irrz_irants like the ox, sheep, 
r AC T i2.r.' ^•^ ■:♦»- *:i-ii^ai -!• -i^**^ trrrufciilloes, ant-eaters, &c.) 
ir^ Ha^-^ i:jr.*-o -i utt r iicnttiL: "Jlt :cly important pachydenn 
1- "u** "u^ij: la-L -ii; .x»tC 3iiirsri"3.iil ^r o|K>s5nm. All its do- 

3i»— w»: ui.ai:L^ 1« r^. ifc^ :3. sirit- t^ ^:tt2- pi^, dog, cat, poultry, 

i:. — *^ in.-:» n?- r- iiL "U't 'y*^ '>".arjl : ^r only animal it hasfui- 
x>ii*fL n ?^-Ln letui: "UK il:7ui:*j^ vi':»» s&nnalisation in Europe 

v^?v I:LL.i..i»;cJ-'^^ "Uti i:i:>CL2c :':c:iiti?n of South America 

ii -ixTrrai'ti:' nu^* »ij* tuL r.m.7i_«:i:c*L CrL:inaUy inhabited by 

ijii luiiiio. .T Ois*! n*:^;^ ^m*f :c vbrc like the Toltecans or 

Ass<?r« :c T'tETt 42>£. 5> tL'ni^ i**! rn»ie considerable progress 

:x -'r-r ~S<in-i -n, :z IS- Tf'^r TUT^y T«r»:TCt<i by Tndjans, "psitij by 

aii^r^s^ 7*'^T -7 51i^:T*eiZi* STu-zisi. Portuguese, British, 

Fi«=2»:k- l*r::j-. 4->>.^ A2»i itr^Ix :t a mixed race that has 

ir:cL liif rz.-^ rxfrr tt tt -^.ir :£ ii:*» TinetiesL Although 

R- » a iiri?f iifijsjja. -c ii»* S^iizii^i. a&d Portuguese element, 

&e^ ^-urisieii *:ft»es ,&r« ?clI1 «b;^ sj.i^c r'=iei\rus;, and all the other 

Frenri. X.Ki AT^rnrxig^ it. — may be regarded as 

rftiba^ iLszL s^e^^is in any of the 80- 

Itl tii* w^y, ibjc^i. cvilisation is extending, it 

by no sem? a^bie subscjiLSCffy Tcvv7es& Little has been done, 

<v is doi^^ in the az^ jol BEan:ii»c:c;^ : and the industiy of the 

inhabitaBts is chieity ci2«<c:cd to r;ii<ii:^ and collecting raw pro- 

dnee — ndnenls and metaib: hSvie^ skins^ tallow; woods, dye- 

**«&, me dk inal bazk% india-^ubbrr. fil^vts, gums ; sugar, coffee, 

^ocfm, frnitE, and £irinac«oas piv^iu^ts — for shipment to Europe. 

^ne copiinfnt^ howereTy his numeitvas and noble £uilities ; aind 

. smee the estaUi^iment of more frequent communication with 

' le and the United States^ the introduction of steam naviga- 

n her riveia, and the adoption of more perfect mechanical 

«nce«, we may natmaUy look fonrard to the infusion of 

f elementsB of immigration, more pennanent e^tlem^it, and, 

conseomaice, better goveinment, and more satisfiMrtaiy pro- 
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349. This tenn has been applied by modem get^iaphera to the 
nxunerouB islands that ate scattered ova the bosom of the Pacific 
and Southern Oceans. Embracing the Indian Archipelago, Ans- 
tralia and adjacent islands, and the truly pelagic groups of the 
Pacific, its limits may be said to eit«nd from lat. 60° south to 30° 
north, and from long. 96° eaat to 160° west in the opposite hemi- 
sphere. Its land area has been ronghly estimated at 4,200,000 
square miles, the greater bulk of which is intertropical, and, con- 
sequently, characterised by the climate and products of the torrid 
zone. It is usual to arrange the whole into several sections (par. 
38), but the following — Malaysia, Australasia, and Polynesia — are 
sufficient for our review, it being borne in mind that the further 
the groups are removed from the continents on either side the 
Pacific, the more peculiar do they become in their climatic and 
vital aspects. 

360. Of the first great section, Malaysia, which includes the 
■whole of the Indian Archipelago, and lies between lata. 12° 40' 
south, and 20° north, it may be remarked that, being strictly inter- 
tropical, and separated from the mainland of Asia only by the 
narrow Strait of Malacca, the Chinese Sea, and Strait of Formosa, 
it partakes largely of the characteristics of Further Imiin. f'nn- 
Biating of several large islands (Borneo, Sumatra, Java, IM,! us, 
Luzon, &c.) and of minor clusters and chains intersectc^il l>y u-m- 
Tow strdta and intricate channels, its position and conli^'iLiLiiiun 
are extremely diversified; while its contour is rendereil lioldlj 
irregular by numerous lines of volcanoes, extinct and active, many 
of which rise from 6000 to 10,000 and 12,000 feet in height^the 
cubninating altitude being Singalang in Sumatra, 16,000 feet. ,- 
Hilly and irregular, there are no plains deserving of the name** 
insular and humid, there are no arid deserts ; and, lyinj; directl'* 
under the equator, the lowlands abound in jungle and unliealt^ 
Bwamp, while the uplands are covered by magnificent fori 
growth. As might be expected from the proximity, ita vcgete 
and animal productions, with a few exceptions, are specifici 
the same as those of the tropical m^nland ; hence the foUo'n.. 
form the principal exports of the Archipelago : — In the minA 
kingdom, gold, tin, antimony, bismuth, copper, iron, coal of aoU 
age, diamonds, ememlds, and other precious stones: in ll>e vt 
table, nutmegs, cloves, cinuamoR, pepper, ginger, and othL>r spit^ 
coffee, sugar, gums, camphor, cocoa, betel, areca-nuts ; vn^ 
tobacco, cotton, and other fibres ; maiae, rke, sago, cassava, 'brtf 
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though the explorers who recently crossed the continent from 
south to north occasionally met in with wooded and grassy flats, 
the journey on the whole was through a shingly, scrubby, and 
waterless country. Tasmania, which occupies an area of about 
24,000 square miles, has more hill and dale than Australia, is 
better watered, and altogether a milder and finer country. New 
Zealand, which consists of three contiguous islands, about 1100 
miles in length, and varying from 5 to 200 miles in breadth, has 
from its latitude a still more temperate climate, at least in all the 
low grounds and along the seaboard (for on the higher elevations 
it is often cold and stormy) ; is also more hilly and irregular in 
surface as well as in shore line ; and has moreover a copious supply 
of water. 

353. All of these settlements (Australia, Tasmania, and New 
Zealand) exhibit a variety of geological formations from the old 
gold-bearing schists down to the most recent gravels, coral-reefs, 
and volcanic ejections. They are especially rich in the useful 
minerals and metals — gold, copper, iron, coal, limestone, marble, 
jade, and building stone ; and these supplies must naturally con- 
tribute to their future progress, as they have already done to their 
rapid colonisation. Though devoid of the rich and varied vegeta- 
tion of tropical regions, they are well supplied with useful timber 
trees, species of araucaria, eucalyptus, and casuarina (the Norfolk- 
pine, blue-gums, iron-barks, stringy-barks, swamp-oaks, &c., of the 
settlers) being numerous and characteristic ; while all the culti- 
vated grains, fruits, and vegetables introduced by the European 
settlers, from the vine, olive, and peach down to the humblest 
garden produce, can be grown to perfection. With the exception 
of the Sngo or native dog of Australia (the aboriginal existence of 
which is even problematical), there were no mammals in Austral- 
asia at the time of its discovery beyond kangaroos, oppossums, 
wombats, and other marsupial genera. All the domesticated ani- 
mals have been introduced by the settlers ; to whom, and to the 
Acclimatisation Society of New South Wales, the region is also 
indebted for the naturalisation of many of the song-birds, useful 
insects, and fishes, of the other continents. Of course, in matters 
of this kind, whether vegetable or animal, the different colonies 
will be ultimately governed by their geographical position and 
climate — that which is practicable in New Zealand being imprac- 
ticable in Nj3w South Wales, and what is possible in Southern 
Australia being impossible in the northern and tropical latitudes 
of Carpentaiiia. 

364 Ethnologically, the aborigines of the different islands of 
Australasia are regarded as widely diffetenX. iamfiiie^ ^^"^ •Owi^'^^«^ 
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race — the dark and savage Papuans of New Guinea and adjacent 
islands, the feebler and wandering tribes of Australia, and the 
active, daring, and more intelligent Maories of New Zealand, being 
the principal oflFshoots. As yet the Papuans have been, little io- 
terfered with ; the Australian tribes are rapidly disappearing be- 
fore the advances of the white settlers ; and though the Maonea 
have shown more aptitude to imitate, and greater boldness to re- 
sist, there can be little doubt that they too must shortly succumb 
to the influences of a higher civilisation. All the colonies of 
Australasia belonging to the British, the settlers are principally 
English, Scotch, and Irish, \rith a slight infusion, however, of other 
Europeans, and even Chinese, attracted by the lottery of the gold- 
fields. As the British element so greatly predominates, with 
British laws, manners, and appliances, and with, moreover, the 
most intimate intercommunication with the mother country, the 
current of Australasian civilisation may be said to run parallel 
with that of Europe, and can only, after the lapse of generations 
and the influence of new geographical conditions, be expected to 
exhibit peculiarities of its own. In the mean time, with their 
wide pasture-runs, gold-fields, coal-fields, iron-mines, copper-mines, 
and the facilities of steam communication, the colonies of Austral- 
asia are making rapid material progress; and it may be fairly 
questioned whether, since the establishment of New South Wales 
in 1788, and of the other provinces since 1828, any settlements 
under British rule ever exhibited, with less trouble and expense 
to the mother country, an equal amount of satisfactory and hopeful 
advancement. 

365. Folynesia — the usual term employed to designate the 
numerous islands that stud the bosom of the Pacific within 30 
degrees on either side of the equator — embraces the Sandwich, La- 
drones, Marquesas, Society, Friendly, Feejee, and other groups, 
with many other minor clusters and solitary islets that have 
scarcely a name. Many of these islands, like the Sandwich, So- 
ciety, and Marquesas, are of volcanic origin, and are still the seats 
of the most gigantic igneous eruptions ; some have old volcanic 
foundations surmounted and surrounded by upheaved coral-reefs ; 
while others are mere coral-reefs more or less elevated above the 
level of the ocean. Many of these are extremely irregular in sur- 
face, and some, like the Sandwich volcanoes, rise to great altitudes 
"^-000, 12,000, and 16,000 feet) ; but, being geneially of small 
sions, there is wanting* that breadth of surfacfi necessary to 
•ation of rivers, plains, and other features o4 geographical 
Being of recent geological origin, they aflolid no mineral 
wealth, and their main value lies in theilr fine climate 
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and the fertility of ttieii soil. Situated within the tropics, but 
tempered on all sidea by the ocean, by the constant aerial cji»- 
cmrenta which are scarcely intemipted by their dimenBionB, as 
"well as by their frequent elevation of surface, their climate ia said 
to be delightful, though somewhat enervating and monotonous. 
Theii native productions are the cocoa, bread-fruit, banana, plan- 
tain, taro, yam, batata, and other tropical fruits and roots ; while 
the onti^, lemon, Bugar-cane, cotton, potato, melon, guava, and 
the like, have been successfully introduced, and flourish luxu- 
riantly in all the larger islands. When firat noticed by Europeans 
there were no quadrupeds on any of the islands save bogs, dogs, 
and rata (and these may have been the produce of stocks left by 
previous veaaela) ; but now the horse, ox, goat, sheep, pigs, poul- 
try, and other domestic animals, have been introduced into the 
l^^r islands. Most of the islands abound in birds, the shores in 
sea-fowl, and the waters in lishes, Crustacea, turtles, aeals, and 
cetacea. 

356. The natives scattered over Polynesia seem ofFshoots of the 
Malay race, and though utterly uncivilised, idolatrous, addicted t« 
cannibalism and other barbarous vices, are yet, on the whole 
(apparently from the unvarying nature of their climate, easy 
means of subsistence, and isolation), comparatively mild and tract- 
able in their dispositions. This has led to some degree of civilisa- 
tion in the Sandwich, Society, and Friendly Islands, chiefly 
through the eiertiona of British, French, and American mission- 
aries i but as yet to little of that kind of progress which i:i<l]i .ili-.-s 
the existence of an inherent and self-auataining power of i]L]|.iiA-(^- 
ment. Indeed, it may be questioned how far the limited uiciin of 
these islands, the distance of the groups, the want of minei'als 
and metals, the enervating efl'ects of climate, and the easy means 
of subsistence, will permit of more than a dependent condition of 
civilisation to the inhabitanta of Polynesia. 



357. Such are the principal land-areas which form tbi: 
themes of Physical Geography — the store-houses of the niii 
and metals, tbe stations of the vegetable and the habitats i. 
animal kingdom, and thus the varied and inexhaustible lieli 
human industry and civilisation. Consisting of different (,'eok 
formations, they possess different minerals and metals ; aud hi 
different positions, configurations, and contours, they enjo] 
ferent climates, and, consequently, produce different vegetabh 
animal substances. These differences give rise to actions and 
tions, physical and vital — for it is only where differences exifll 
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\aa manner sre prodaced the whole 
rooad (4 pbenooMna thai {ana the aiun and anbstance of coGmiud 
progrea. In the j^Tsical worid, from the KTolution of the 
pUueto dovn to the amplest ebemiuJ combisstion, we see and 
believe that the whole is the rasalt of law and law-directed forces ; 
«nd in like naiiiKr, in the intellectual world, we maj rely, thougb 
we cannot always determine, that all the phenomena of civilisa- 
tioa axe nnder the diiectiim <d laws as pervading and imperatire. 
To ohacrre and arrange the jAenomena of the terraqueous surftKe, 
to diicoTer their prodaeing causes, and to give intellif^ible expres- 
Mon to the law that Rgolates, in the gieftt object of our science, 
and it oolj paitiallf performs its function when, in dealing with 
th« hnman species, it bils to be guided bj the same methods of 
leeeaich. Directed bj these methods, and aj^lying them to the 
whde field of naUue, the ordainings of our jdonet, amid all their 
mTTikl ramifications, assume a unity and completeness which it 
ia the great object of science to discover and the highest effort of 
Ftiiloaophj to establisL 
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Archipela.00. — A tenn originally ap- 
plied to the numerous iHiands that 
stud the ^geau Sea — the Grecian 
Archipelago : but now Used to denote 
anysimilar cluster of Islands — e.p., the 
Indian Archipelago, or East India 
Islands. 

Arctic (Gr. arktoa, a bear). — Relating to 
the north pole or polar regions; in 
reference to the constellations of the 
Great and Little Bears which occur in 
the northern quarter of the heavens, 
and point, as it were, to the north 
pole.— Arctic Regions, the high lati- 
tudes surrounding the north pole : 
Arctic CirclCt an imaginary line ex- 
tending roimd the nortii pole 66^" 
from tine equator and parallel to it ; 
hence certain parts are said "to lie 
within the arctic circle." 

Arctic Current. — A well-known ocean 
current which originates in the polar 
regions of the north and flows south- 
wards towards the equator. The 
main current seems to originate to 
the north of Spitzbergen, takes a 
westerly direction, and thence runs 
southward alon^ the eastern shores of 
Greenland, till it meets with a minor 
branch flowing from Davis Straits. 
The two then unite into one great 
current, which follows tlie Labrador 
coast, runs to the east of Newfound- 
land, and evidently loses itself in the 
"Gulf Stream;" or rather, perhaps, 
Arom its greater density, passes in 
part under the Gulf Stream in latitude 
45*— 47°, and holds on towards the 
equator. 

Arobntiferous (Lat argentuniy silver; 
fero, 1 yield). — Applied to veins, rocks, 
and^ other matnces containing the 
ores of silver, or silver in the native 
or metallic state. 

Aroillacbous (Lat argilUif clay). — 
Applied to aU soils, rocks, or sub- 
stances composed of clay, or having 
a notable proportion of clay in their 
composition. 

Arm. — Any deep and comparatively 
narrow branch of the sea running in- 
land, in contradistinction to gulfs and 
firths. 

Artesian Wells. — ^Wells sunk by bor- 
ing perpendicularly through the solid 
strata, and in which the subterranean 

L waters rise to the surface, or nearly 
. 80 — a method long known and prac- 
tised in the province of Artols (the . 
' ^nt Artesmm) in France. Arte* ^ 
-'ells are generally situated in ^ 
or in basin-shaped valleys, 
which the strata dip on one 
ides, and their principle de- 
m the hydrr 
'r percolf 
forcinp" 
kJ^j *1 on 

|k_ Tate] 



The greater the depth the higher the 
temi>erature of the water ; and the 
lower the surface of the well compared 
with the outcrop of the water-yielding 
stratum, the higher will the jet of 
water rise above the orifice of the 
bore. 

Asteroids (Gr. aatert star; eidos, like- 
ness).— A term applied by Herschel 
to the minor planets or planetoids — 
Ceres, Pallas, Juno, Vesta, &c. — of 
which there are now upwards of sev- 
enty known to astronomers. 

Atmometer (Gr. atmos, vapour, and 
metroriy measure). — An instrument in- 
vented by Sir John Leslie for mea- 
suring the amount of evaporation 
from any liquid or moist surface in a 
given time. 

Atmosphere (Gr. oUmoSt vapour ; sphairot 
sphere). — The gaseous envelope or 
volume of air which surrounds the 
earth on every side, and which is 
either directly or indirectly the cause 
of numerous geological and geo^- 
phical operations, as well as uie im- 
mediate medium of aU climatic diver- 
sity — ^being the great laboratory in 
which all meteorological and elec- 
trical phenomena are elaborated, as 
winds, clouds, rains, snow, hail, and 
thunderstorms. As an air, it is com- 
posed of 79 parts nitrogen and 21 
oxygen, with variable traces of car- 
bonic acid and other impurities. Cal- 
culating from its decreasing density, 
as well as from its diminished power 
of refhicting li^^t, as we ascend trova. 
the earth, the height of the atmo- 
sphere has been estimated at 45 or 
50 miles; and the pressure of the 
whole volume on every square inch of 
the earth's surface (at the ordinary 
sea- level) at 14.6 lb. avoirdupois. 

Atoll. — The name given to a coral 
island of an annular form — that is, 
consisting of a circular belt or strip 
of coral-reef more or less continuous, 
with an enclosed lagoon. 

Auriferous ^Lat. attrum, gold ;/ero, I 
yield). — Yielding or containing gold; 
applied to veins, rocks, and rock-sub- 
stuices containing the precious metal, 
as "auriferous veins," "auriferous 
gravels," and the like. 

Aurora. Borealis (Lat.) — Literally the 
" Aurora of the North ; " known also 
as the Northern Lights^ Polar Lights, 
Streamers^ &c. A luminous meteor, 
generally appearing in the northern 
heavens, and so ciulled from its re- 
semblance to the aurora or morning 
twilight. It is usually referred to 
electrical agency in the upper regions 
of the atmosphere. Changing from 
the purest and softest white to all 
the colours of the rainbow, and flick- 
ering and flitting ftom the horizon to 
the zenith with inconceivable rapid- 
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dxice variation are increased or dimin- 
ished atmospheric pressure, the great- 
er or less depth of the liquid, and 
the nature of the vessel in which it is 
contained. Thus, the boiling point of 
water under ordinary circumstances, 
at the level of the sea, is 212* Fahr. ; 
but it will boil and bubble up at a 
much lower temperature on the top 
of a high mountain, in consequence of 
diminished pressure ; it ¥aU also boil 
sooner and more quietly in a rough- 
surfaced vessel than in a smooth and 
polished one ; and also more quickly 
in a shallow vessel, in consequence of 
the less resistance by the superincum- 
bent water to the escape of steam. 
The boiling point is also raised con- 
siderably by saline admixture, so that 
pure water, which boils at 212°, re- 
quires 286* when fall^ saturated with 
salt. In vacuo, all liquids boil at a 
temperature 124* lower than in the 
open air, at the ordinary pressure of 
the atmosphere. 
Bore. — A violent rush of tidal water ; 
the advancing edge or front of the 
tidal wave as it ascends a river or estu- 
ary ; e gr., the bore of the Hooghly, the 
Garonne, the Severn, the Tsientan^, 
Ac. The bore of the Tsientang is said 
to advance up that river at Hangchau 
like a wall of water, thirty feet in 
height, and at the rate of twenty-five 
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miles an hour, sweeping ever]^hing 
before it 

BoRKAL (LaI BoTMLg, the north wind). — 
Of or belonging to the north; e.^.. 
Boreal Regions, Boreal Fauna, h,c. 

Bottle-Track. — The name given to the 
course pursued by bottles which are 
thrown overboard with a note enclosed 
of the longitude and latitude where 
and the date when they are dropped in 
the ocean. By this means the set-in 
and velocity of currents are rudely in- 
dicated. 

Boulders (Sax.)— Any rounded or wa- 
ter-worn blocks of stone, which would 
not, from their size, be regarded as 
pebbles or gravel, are termed "boui- 
den. The name, however, is usually 
restricted to the large water-worn and 
smoothed blocks (" erratic blocks *') 
found imbedded in tlie clays and 
gravel of the Drift formation, which 
covers the northern hemisphere, in 
both worlds, down to the 40th or 42d 
parallel of latitude. 

BouRRANB. — The name given to the 
fierce snow-storms that blow from the 
north-east over the steppes of Russia, 
and which often rage for twenty-four 
hours at a time. 

Breeze. — The general term for a wind 
of some briskness, but of limited ex- 
tent and duration; less violent than 
BkgdU. 



Caikozoic or Caenozoic (Gr. kaino$f re- 
cent ; eo€t life). —Applied to the upper 
stratified systems, as containing recent 
forms of life, in contradistinction to 
the Mesozoie (holding intermediate) 
and the Paloeozoic (holding ancient and 
extinct forms). As a paleeontological 
subdivision, the Cainozoic embraces 
the tertiary and post-tertiaiy forma- 
tions. 

Calcareous (Lat. calXj ealcitf lime). — 
Composed of or containing a consid- 
erable proportion of lime ; e.g., eaica- 
rtouB soils, calcareous sandstones, tc-. 

Caix;ariferou& — ^Literally, lime-yield- 
ing. A term occasionally applied to 
springs charged with carbonate of 
lime, and which on issuing into the 
air deposit incrustations of calcareous 
tnfa. The "petrifying springs*' of 
Ofdinary language. 
« ^'it.'^tSiA. — A Spanish term for the deep 
''Ton-like cavities that occur on the 
^ts of extinct volcanic moun- 
nd islands, and evidently tiie 
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hed craters of ancier*^ 

fLat. eapUlus, 
)plied to filam' 
. of very fine 



dimensions. A tube less than the 
twentieth of an inch in diameter is 
capable of sustaining or attracting 
any liquid considerably above the 
level at which it is immersed; and 
this capiUary aitraction, as it is term- 
ed, is a phenomenon which occurs 
less or more in all porous bodies 
(soils, sandstones, Acy-the minute 
interstices acting as capillary tubes, 
and •* drawing " or ** attracting " any 
liquid considerably above the level of 
its mass. 

Carboniferous (Lat. car&o, coal ; firo, 
I yield). — Coal-bearing, coal-yielding. 
The term is usually applied to that 
system of strata from which our main 
supplies of coal are obtained, or to 
the respective groups or membera of 
that system; e.g., ** carboniferous sys- 
tem," ** carboniferous limestone," Ac. 

Cardinal (Lat. eardo, a hinge). — A term 

implying importance, and suggestive 

of the hmge or point on which a tiling 

turns or depends. Thus the eardiiuU 

-"•tnt* of the compass are iiie North, 

>h, East, and west; the cardinal 

of the zodiac, Aries, Cancer, 

and Capricorn. 

%A (Lat carot camif, flesh; voro, 
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I devonrX — One of Cuvier's orders of 
the mammalia, embracing the lion, 
tiger, hyena, and others that subsist 
solely on flesh. — Carkitorous, living 
on flesh, in contradistinction to Htr- 
bisoroitf, Gramniroroutf ftc 

CATACLrsM (Gr.) — A sudden flood, de- 
luge, or inundation. Generally ap- 
plied to some abnormal or unusual 
eflfect of moving water.— Cataclyb- 
MAL, belonging to, or produced by, the 
violent force of water. 

Cralvbbatc (Gr. cAa/.vte, iron or steel). 
—Applied to springs and watera im- 

{tr^gnated with iron, or holding iron 
n solution. 

CLiMATB(Gr.H I mo, an inclination^ — Ori- 
ginally applied (as explained in the 
textX in a technical or astronomical 
sense, to the various belts of the earth 
as influenced by the heat of the sun ; 
but now appliM to the general wea- 
tktr-coHdition* of any district, as these 
may be mild or rigorous, genial or un- 
genial, salubrious or obnoxious. In 
treating of countries, geographers 
apeak of intnlar and continental cli- 
mates; the former, ftrom its proxim- 
ity to the ocean, being comparatively 
mild in winter and cool in summer, 
and the latter cold in winter, but ex- 
cessively hot in summer. 

Coral-Rbkp.*— The term applied to any 
connected mass of coral structures, 
whether trending away in lo^g par- 
tially - submerged ledges, encircling 
islands like breakwater -barriers, or 
rising as low ring-shaped islets above 
the watera of the ocean. Such mass- 
es are found studding the Pacific on 
both sides of the equator to the thir- 
tieth degree of latitude ; abounding 
in the southern part of the Indian 
Ocean ; trending for hundreds of miles 
along the nortn-east coast of Aus- 
tralia; and occurring less or more 
plentiniily, in patches, in the Persian, 
Arabian, Red, and Mediterranean Sea& 
In the Pacific, where volcanic agmcy 
is actively upheaving and submeig- 
Ing, coral-ree& are found forming low 
circular Islands, enclosing lagoons 
(at4tUt or lojrnoa idands); surround- 
ing islands of igneous and other ori- 
gin (^in/giM^ or tkort rt^ts); crowning 
othen already upheaved {(9rtd4fdges); 
or stretching alon^-shore in snrf-beai- 
en ridges (tkt trntharrier or tmcirclimg 
raf) of many leagues in length, and 
fh>m 90 to more than 9M fieet in thick- 
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symmetry of its component parte.— \ 
CosMiCAL, relating to the world or uni- i. 
' veree. — CofiMOLooY, the science which 
treats of the several parts of the world, 
their laws and relations. 
CotTiiiEs (Fr. coiUer, to flow, as melted 
metalX — ^Applied to the strmvu aad 
spun of lava which diversify the sides 
and slopes of volcanic mountalDH. 

Crao and Tail. — Applied to a form of 
hills common in Britain, where a bold 
precipitous fh>nt(the crag) is exposed 
to the west or north-west, and sloping i 
declivity (the tail) towards the east 
In general geographical terms, the 
Blope and counter-dope of these hUla. 
The phenomenon of crag and tail is ^ 
evidently the result of the currents of 
the Drift epoch, which, in our lati- 
tudes, swept from north-west to north- 
east, laying bare the opposing heights, 
but leaving untouched the sheltered 
slopes and terraces. 

Cratkb (Gr. krater, a cup or bowl).— The 
mouth or orifice of a volcano : so called 
from its cup or bowl shape. Cratos 
may be central or lateral in the moan- 
tain in which they occur; there may 
be one principal and several subsidi- 
ary ones; and they may shift their 
places and become absorbed by sub- 
sidence, or be obliterated by eruptions 
fh>m more active orifices. 

Cratbriioiul — ^Applied to hills whose 
summits present bowl -shaped uui 
other circular depressions tiiat seon 
to have been the cratera of once active 
volcanoes. We thus si>eak of the 
**erateriform hills of Anvergne"— 
hills which were undoubtedly in a 
state of igneous activity during the 
tertiaiy period. 

CuPBirEBOi78(Lat. aiprum, copper, and 
/«t>, I yieldX— Applied to veins, rocks, 
and other matrices containing the ores 
of copper, or copper in the native or 
metallic state 

CrcLB (Gr. MUot, a drde^ — A. definite 
period of time, marked by the recur- 
rence of the same natural phenomena. 

Ctclosb (Gr. JbuJUos, a circleX — ^A term 
applied by navigators to those rotatory 
hurricanes irtiidi occur most fre- 
qnently between the equator and the 
tropics, and near the equatorial limit 
of tiie trade-winds. Theysweep round 
and round with a progressive motion, 
their course desciilnng a curve, and 
their violeiice being grester flie nar- 
rowerlhAJHBit of their whiiL In boith 
rotation of a cydkne 
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Debacle (Ft. dehader, to nnbar). — A 
tenn originally signifying the break- 
ing Tip of the ice on a river — a freshet; 
but now applied to any sudden flood 
or rush of water which breaks down 
opposing barriers, and hurls forward 
and disperses blocks of stone, gravel, 
and other debris. 

Debris (Pr., wreck or waste.^ — A conve- 
nient term, adopted from the French, 
for any accumulation of loose material 
arising from the waste of rocks : also 
for drifted accumulations of vegetable 
or animal matter. 

Degradation (Lat. eZe, down, and gra- 
du»f step). — Removing or wasting 
down step by step. The degradation 
of hills and cliffy is caused by atmo- 
spheric and aqueous agency; hence 
water is said to exert a degrading in 
fluence on the earth's crust; waves 
and tidal currents a degrading action 
on certain sea-shores. 

Delta. — The alluvial land formed at the 
mouth of a river such as that of the 
Nile, which received this name from 
the resemblance of the space enclosed 
by the two main branches of the river 
to the Greek letter A, DeUcu The del- 
tas of many large rivers, such as the 
Mississippi, Niger, Ganges, &c, pre- 
sent the inquirer with some of the - 
most remarkable and instructive of geo- ' 
graphical and geological phenomena. *• 

Deposit (Lat. <£«, down; potihis, placed). 
— Applied to matter that has settled 
down firom suspension in water. De- 
posits are either distinguished by 
wieir composition, as "myd-deposits,'* 
* * sand-deposits," &c. ; by the positions 
in which they occur; or by the agen- 
cies concerned in their formation, as 
fluviatile, lacustrine, estuarine, ma- 
rine, &G. 

Detritus (Lat. <2«, down; tritusy rubbed 
or worn). — ^An appropriate term for 
all accumulations arising from the 
waste or disintegration of exposed 
rock -surfaces, sea-cliflk, mountain- 
cllflfk, river-banks, and the like. J>e- 
tritaZ matter may thus consist of mud, 
sand, gravel, rubbly firagments, or of 
any admixture of these. 

Dicor7i^DONons(Gr. dis, double ; hoiy- 
Udon, seed-lobe). — ^A grand division of 
\ Uie vegetable khigdom, comprising idl 
"^ose plants whose seeds are composed 
of two lobes or seed-leaves. They are 
exogens, or increase by external layers 
ot growui, and the venation of their 
leaves is reticulated or net-like, and 
not in parallel ncoty- 
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strata slope or dip downwards into 
the earth. This angle is measured, of 
course, from the plane of the horizon 
or level, and is easily ascertained by 
the common spirit-level and plummet. 
Some rocks dip at a low angle and are 
fiat; others mcline at a very high 
angle, and are almost on edge. 

DoAB.— The name given in India to the 
tongue of land that lies between the 
confluence of two or more rivers, as the 
doabs of the Pui^aub, or plains that 
lie between the rivers of that region. 

Doldrums. — A sailor's term for the tro- 
pical zones of calms and variables — 
belts in which they are often detained 
for weeks by baffling calms, storms, 
and rains. 

Downs (Brit, dune, a hillock). — Applied 
in the south of England to the round- 
ed, dry, and unwooded chalk hills of 
Kent, Surrey, Sussex, and adjacent 
counties. These *• downs " are de- 
scribed '*as covered with a sweet, 
short herbage, forming excellent 
sheep-pasture, generally bare of trees, 
and singularly dry even in the valleys ■ 
that wind for miles between them." 

Drift. — ^Literally, ** that which is dri- 
ven ; " as xand-dr^f sand driven and 
accumulated by the wind; drift-toood, 
wood carried down by rivers and 
driven by tides and currents to dis- 
tant shorea Such drift-wood is often 
useful in indicating to geographers 
the course and direction of oceanic 
currents. 

Drift-Currents.— The name given to 
oceanic currents which mainly depend 
on the winds. The monsoons which 
prevail in the Indian Ocean give rise 
to drift-currents, which set alternately 
in one direction and then in another, 
according to the season of these winds. 

Drosoheter (Gr. dros, dew; metron, 
measure). — Literally "dew-measurer;" 
any apparatus or instrument for deter- 
mining the amount of dew deposited 
during a single night. "The most 
simple process," says Professor 
Kaemtz, '* consists in exposing to the 
open air bodies whose exact weight is 
known, and then weighing them afresh 
after they are covered with dew. Ac- 
cording to Dr Wells, locks of wool, 
weighing five decigrammes, are to be 
preferred, which are to .be divided 
into sperical masses, of the diameter 
of about five centimetres." 

Dune (Brit a hill).— Usually applied to 
hillocks of blown sand. Sand-dunes, 
sand-drift like that which, in so many 
places, skirts the low shores of our 
own island. 
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\A«rnr« i 'Rr^r. — That pxtsnai nud or 

-v'*i I ar'-.imec wiiu'h :s afleaaabla 

unan ."•^ciaation : .ai*uiitmdi»> 

•n«"' 'D ' - '"*» "irftnai *"miM. «»f winch 

▼1* tn Anow TioctniiK t>y <unet oImmt* 

'ArfTM^i- \,iE. — T'fi* 'tmiliar ts wcil aa 

■• •::: u ' *rm : r urr madden ihalr 

".i: ■ ••luiT I '.rf -arth'-s «rn«t pro- 

: — I ▼ « j-'ferrsnwui .i«ra«^ With 

-•• tiut^i '^'oj.t • nwiuo^. jJMl the <>on> 

t . : :ir» .UL >«*••• »iu I laar - irtfai)iiakfla. 

»v .a«^w -nae anr -»*Huits ire J'rac- 

'3X*-*. 'SMurv. '.::•! naauiui 'Q the 

wTTi'* r»t!»t: •rt-**«vnia md iepn«- 

•m":h . .«'vnu 'na I 'ae '*«HHHl ato 

n' .i: :. 'a'l "ie 'ii'»menrvnre of liry 

tu«i »'iiM&ui ae vaLers< : *ae ocean. 

'Lrnr ^^tx. ««, Tmter, am «« '^ack- 

>anr* . — Anv '^tai<>n'"ii>ni»aoi water 

«ua4f»t T I** aeetiuz t 'Pposmj^ 

"ir^nts. '-Mi:;*:"* ,^?n**"~iilv >tfar la 

•♦ciar*"* rr»-n? a*» *:ae Tietrts the 

•ir^ttt t '^e -»vi?r: md .n 

"T9 •n«*«H, r 'Tcen* -m:u 'nrrents are 

ari*wT2 lu.'v -a >aeaib«:xv«.>;i \>j oppoa^ 

Die ii»cu-!e«. 

BkauL'cHrTu: Fr.} — The month iif a 

-nrvr. .r 'iuis ^Mkct where i£ enisfs the 

SSTtHiSTs Gr. <i4i"n. wTthin: nnomaiy 
I uu 'r-i"*!'. — rhiic iivisioa >>£' the 
T^wwrai'ie ■»iTz»*«»niwn»>eeisr»wthtak3B9 
•>iaft? 'r"in •ntruiu ami nut '>v t^xtemai 

oiicracrt • aven* as a "h.<? Z-.To«/«t*. 
Ifiir \ f K ' L.iL "T '» »"«. ^^TudX — ^The greoot 

•m'le 'a 'he -'arth* ^oriace. cTeiy 
*n>uic 'I 'vhi^.'a s ^iiuiilv IJatant from 
''b» 'H>t«?9 : sac!i a ''trrie ontB the ^obe 

nto nwo 4<jujJ. ^arcs or halTes — m 

>rher w<>r*i», nto '^mutpkerm, via:, fiie 
Northttm .ind i*tutbera. When the 
son s a ib» line »f the equator, day 
juui nijr'it stp ot rHioai duration, hence 
>t -J* xuio SMTOfid Tiie equinoctial line 
i»uj«; the nisht). — Bquatobtax., be- 
uiRjaoje So. oar m. the region of^ the 
(Mfuaucor. 
Bte>6u>x yZjiL tmsna, gnawed or worn 
^wajr\— The act of ^adoally wearing 
away: tte stace of being gradaally 
' worn away. * y. , " Vallcyii of erosion," 
ar thiMe ^nilleys whiefa have been 
duaUy eat oat of the solid sti 
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aiifilied to tfaooe lai;^ Trtmrnm ad 
ice-home Mocks of stooe rteaUtn) 
which an JCAOeied so gpiM-taflyofer 
the hiKfaer and middie laftitaifas oftlc 
oortihem hemispiiere!. 

'BtCAxrmmsrr (Fr. '' aiarp gr , to cntBtoqi). 
— -"nie atanxpt &bo or ciifTaf a nigt or 
hin-nBgs. 

AiTrAKT(Lat. ^artiu . 4B ttmo, IboO— tte 
tide; so called fkoas the tnmbied iMfi- 
ing-op Iff tile water-line, whieh oaoEks 
its approaah in. rrrer-sMNithsX — Irts- 
aries are» propniy speaicing; tidil 
rrrR--mDaxha, like those uf the Thames* 
8eTeni, Solway, ifec., wiiose &nna aad 
Ikiraan mixed fitsh- 
or composed of soeh speoes 
peenliar to brack is h wat«s. 

Ttrwsaxrr Wtao (Gr. «tesM«, anmialX— A 
northeriTv or rattm^ mnrth -easteriy 
wind that prevaile veij modb. in esc^ 
sommer all over Earope. 

'BcBWOftMAsnT (6r. gtihtos> a nee; ipns- 
joAc, a deoeriptionX — An acc oniit w 
desetxption <rf^ the oxxgin. di^wiaiaii, 
connectifHU and cfawaetensties of the 
'varions rsees of mankind. 

Btafobazidv (LaJL evoftoroy I send off 
invi^oa^ — Tbe act of convotag 
into vapour saeh liquids as wats; 
^ther by natural or by artiftcialmeaos, 
tlie finmm-ban^ termed. '* apontcau^m* 
•MQwrntunk'* HieBt is the grand eva- 
pontine agent in nature, and its 
e^ets are greotiy ihcilitated by the 
remoTal of the vapour as aoon as it is 
fl>zmed either by euntmts of wind, bf 
abaorptaaii, or by other analogons 



(GrT. OBO* without ; grnionin, I 
am fbimedX — That grmt division of 
the vegetable kingdom whose grow& 
takes place by external concentric 
hiyeia, and not from, within as in tibe 

IkZonc (€ir. aean^ ttnai withootX-^-Ap- 
plied to idantauid animals, bat cbi^j 
to the ftmner, that have been intro- 
daoed into a country from, other le- 

g one— that is, firom withoot^ Used 
t contradiBtinctioa to imfioBMOiii, or 
nstozally bdfliAK to a 



Fjlctb (Lai)— a convenient 
ployed to express any commc 
Tiliimii't or aspect among tb 
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as distinct from the floras of other 
epochs; and of the "facies of the 
Australian fimna" as distinffoished 
from the animals of other regions by 
their common marsupial characteris- 
tics. 

Family.— In Natural History classifloa- 
tions this term denotes the group 
next in value and comprehensiveness 
above the genus. As species consti- 
tute a genus, so genera constitute a 
family. 

Fata Morgana.— The phenomenon of 
the mirage at sea. It arises ftom two 

• currents of ahr of different density or 
temperature coming suddenly in con- 
tact; and as at sea the upper is gene- 
rally the warmer and the lower the 
colder, the former becomes condensed 
at the place of contact, and forms, as 
it were, a mirror for the ol(fects which 
are in the lower current, so that their 
images are inversely reflected. As 
the surface of separation is not level 
throughout, various refractions and 
distortions result, which often impart 
to the whole a singular and fantf^tic 
appearance. On land, where the 
warmer current of air is on the sur- 
face of the ground, the aerial miiror is 
formed beneath the eye of the obser- 
ver, by which the same phenomenon 
is produced that results from the re- 
flection of oiyects on the surface of 
the water. The name is said to be of 
Breton origin— mor, sea, and ga/na, 
fine lady— the fairy mermaid of our 
popular legends, —^ee Mirage. 

Fauna (Lat. rural deities). — A conveni- 
ent term for the animals of any given 
epoch or area ; e.g., the *' &una of South 
America," the "fauna of the Permian 
era." As the animals of an area or 
epoch constitute its Fauna, so Hie 
plants constitute its Flora. 

FcRBirERous (Lat. ferrvmt iron; ferot I 
yield). — Applied to veins, rocks, and 
other matrices that yield or contain 
iron. 

Ferruginous (Lat /«rrum, iron; gino- 
nuU; I become). — Impregnated or coat- 
ed with oxide of iron; msty-looking. 

Flora (Lat. the goddess of flowersX — A 
convenient term for the vegetation of 
any given epoch or area— as **the flora 
of the coal-measures" — "the flora of 
South America." As the plants of a 
country or epoch constitute its Flora, 
so the animals constitute its Fauna. 

Fluviatile (Lat fluviv^ a running 
water). — Belonging to a river; pro- 
duced by river action ; growing or liv- 
'lag in fte&h-water rivers. 
Vh (Lat fosnlU, dug up).— Literally, 
imag dug out of the earth; but 
nnricted by geologists to "or- 



ganic remains," or the remains of 
plants and animals imbedded in the 
earth's crust, and more or less altered 
in structure and composition by me- 
chanical and chemical agencies, when 
these remains are only partially petri- 
fied, and occur in supeilicial or recent 
deposits, the term sub-fosnl is em- 
ployed. 

FossiuFEROus (Lat foatUitt and ferot 1 
bear). — Applied to rocks and rock- 
systems containing organic remains, 
in contradistinction to non-fo$eUi/er- 
otu, or those which contain no such 
relics. 

Freshet. — A river flood or inundation 
occasioned by the sudden melting of 
the ice and snow in spring; the pre- 
dominance of firesh water in tidal estu- 
aries during periodica] rain -falls and 
land-floods. 

Fringing - reefs. — A class of coral- 
reefs, known also as "shore -reefs," 
from their fringing or encircling is- 
lands at a moderate distance from 
shore. "They differ fh>m barrier 
reefo," says Darwin, "in not lying so 
far from snore, and in not having with- 
in a "broad channel of deep water." 
The reefs which fringe the island of 
Mauritius form a good example of the 
clBLaa.'—Su Coral Reef. 

Fritb (Lat. /return). — An arm of the sea, 
as the Frith of Forth, the Frith of Tay, 
die. Originally applied to any strait 
narrow passage, or inlet . 

Frost (Sax.)— In Meteorology, the fireez- 
ing, or conversion into ice, of water 
and watery vapours by the influence 
of cold. In ordinary circumstances 
water passes into ice when the tem- 
perature of the air falls to 32° of Fah- 
renheit; but as the cold increases the 
frost becomes more intense, and sub- 
stances (such as oils, mercury, dkc.) 
which remained liquid at 32*, g^radually 
lose their caloric and pass into the 
solid state. As a geological a^ent, 
firost exerts a purely mechanical influ- 
ence, but this influence is of prime 
imiiortance in disintegrating rocks and 
soils, moulding the outline of moun- 
tains, and assisting in the dispersion 
of boulders and other debris, not only 
from higher to lower levels, but from 
the land over the bottom of the ocean. 
The avalanche, glacier^ and iceberg, 
among the most notable of geographi- 
cal phenomena, are the children of the 
frost, cradled on the snowy summits 
of lofty mountains, or in the icy seas 
of the polar regions. 

FuMEROLE (ItaL fumare, to smoked — 
An opening or orifice in a volcanic dis- 
trict from which eruptions of smoke 
and other gaseous fames are emitted. 
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Oarua.— The local term for dente sea- 
fogH that occur periodically along the 
Pacific coast of South America. Dur- 
tns the Oarua, it is said, the atmo- 
ajmere loses its transparency, and the 
sun is obscured for months together. 
The vapours of the garua of Lima are 
«o thick that the sun, seen through 
them with the naked eye, assumes 
the appearance of the moon's disc. 
They commence in the morning, and 
extend over the plains in the form of 
reAreshinff fogs, which disappear soon 
after mid-day, and are followed by 
heavy dews, which are precipitated 
during the night. 

OxKvs (Lat. kind or kindred^ — ^In Na- 
tural History the word gtnvs is gene- 
rally used to embrace such members 
of a family or larger group as possess 
some common properties, more mark- 
ed in them than in the other members 
of the family. Thus the Cahidjb or 
Doff- family embraces the dog, wolf, 
Jackal, fox, Ac. ; but the dog, wolf, 
and Jackal are regarded as one genua, 
eani«, while the foxes are separated ' 
to another genus, im(pes, the points 
agreement between the dog and wolf 
being more numerous and intimate 
than between the dog and fox. 

Gboloot (Or. ge. the earth, and logos, 
doctrine).— Embraces all that can be 
known of the constitution and history 
of ourplanet Its object is to examine 
the various rock-materials of which 
our planet is composed, to describe 
their appearance and relative posi- 
tions, to investigate their nature and 
mode of formation, and generally to 
discover the laws which seem to regu- 
late their arrangement. In this re- 
spect it differs from Gtograplvfif which 
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restricts itself more especially to the 
external or superficial aspects (tf the 
globe, and the life that adorns it. 

Okvbsb. — Literally "Tager;" an Ice- 
landic term for the intermittent boiBng 
springs or spouting fountains which 
occur in connection with the volcanic 
phenomena of that island. The term 
has reference to the violent discharges 
of steam and water which take place 
at stated intervids, the jeta being 
thrown with exidosive force to a great 
height in the air. 

Ghauts. — A term applied originally to 
the narrow and dimeolt passes in the 
mountains of Southern India, but has 
been gradually extended to the moon- 
tains themselves — viz., the Eastern 
and Western Ghaats, which condst of 
two great chains, stretching idong the 
east and west coasts of the Deccan. 

Olacieb (Lat. glaciu^ ice). — ^Applied to 
those accumulations of ice, or of smnr 
and ice, which collect in the vafleyi 
and ravines of snowy mountains like 

: the Alps, and which move downwnd 
(partly by their own gravity, and part- 
ly by the expansion of the water that 
falls into tlieir crevices and fiasora), 
with a peculiar creeping motion, 
smoothing the rocks over which they 

Eand leaving mounds of dehni 
lines), lateral and terminal, u 
melt away. 
GlaciebtTablb. — ^The name givoi in Al- 
pine regions to large table-like bloeki 
of stone lying on the surface of ^ad- 
era, and more or less elevated <xi pe- 
destalB of ice— these pedestals being 
protected from the sun's rays l^tbe 
8ui>erincumbent stone blocks, whfle 
the surrounding ice has been melted 
down to a lower leveL 



Habitat.— The region occupied by any 
particular animal is called its habitat^ 
and that of any particular plant its 
eta^ion^-each being the locality which 
presents the conations most finvour- 
able to its growth and development. 

Hail. — Frozen rain; rain -drops that 
have been suddenly fh>zen in their 
downward course by passing through 
a stratum of air below the temjrarature 
of 82*. Hail pellets are of various 
forms — ^round, angular, or flat— and 
often of considerable size. 

Hbaolajtix — Any prominent projection 
of the land into the sea; usually ap- 



plied to a cape, nes«, or pnmMUors of 
some boldness and elevation. 

HERBACBOua — Applied in Botany to 
stems that die down annually, in con- 
tradistinction to Ugneout or woody, 
persistent stems. 

Hebbivobous.— (Lat. herba^ herb, snd 
voroy I,devour;L — Herb- eating; snb- 
sisting on vegetaUe food; in contrsr 
distinction to camvoonmt. 

Hebvidebo (S^n. hervir, to hoilX — The 
name given m Central America to the 
mud-volcanoes which occur in that and 
the contiguous districts of Mexico. 
The AerpraisrM consist of mounds m(»e 
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eODtiniul ebuUltion, aod which u oc- 
culoiuily tlirawii up In put^ Salaa 
Uiat tall anmiiil, and torm the conicil 
mooDd* Id quoatioD, 

SoKCHOionj (Gt. homoiot, the want, 
and BH, life).— Zonea or belU ot the 
OCMI vhliih, balng under nouly the 
Mme clnunutanc«s u ht rJimale, and 
eonjeqneotl* peopled Ln their dllTe. 
rent plaiM SUi«r by the asme or re- 
prasentatlTa Bpecles nf sDinuli. are 
■aid b> be \imoioBiie, or nuiked by 
the aams IITB. 

HoBHiioa or HonKoa.— Literally ootm,- 
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BMBO (Cter. tit, IcBf and herg^ iDonn- 

liUDU* masaei at iw oKen found float- 
ig in the polar Heaa. Bometimea they 
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dentdea of the continent ; and pdoffv 
when br olT in the ocean Uiey rlae up 
independently, and are genenlly of 
Tolcanic or coralline fonnaUon. 
IsocBUHU. or iBOcRIHtHU. (Or. {ku, 



■oOedt^thepo 
latltndeillMVDX 
IrbnrdeM of ban 



HumiL (Or. iKU, pe. the earth, 
emu, heat). — Applied to lines or 
ma in the earth'a ciuBt which 

and employed a> being more 

M Boleiy to the land, whereaB 
nnal appUea equally to Air, land, 



thepidaiao 

I niie).-, 

aolmata thai 
angloaeDnntTyorieEian. Not u- 
't or Introduced by artmeial meana. 
nwCUt liuula) oocar either liugly. 
Bntheyareaaid tabeiwfqwiufen/; 



ogiauhy, i 



_» dialingniabed aa 

pelagic— anuinnlol whan Iheb proxi- 
mity, nologiinl chuicter. and axial 
comiealon ahow Uiem to ba depen- 



oT hitltude are oCte 
liotharmal llnea. 
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KABoa— A tmn amUed to the open 
cUyey flftti of Soatheni Africa, which 
often rise temuM-Uke to coneidenble 
elevatlcne, and an hard and steppe- 
like in the dry season, bat hi the wet 
season are speedily transformed into 
grassy, itower-bespaogied plains. The 



term is thought to be derived fimn the 
Hottentot word Karugct, signiiyiiig 
"hard," and to refer to the qoality of 
the red clayey soil, which, being im- 
pregnated with iron and mixed with 
sand, becomes hard as burnt day un- 
der the influence of continued dron^t 



J 



hkcwnm (Lat. lamu, a lake).— Of or 
belonging to a lake; used in contradis- 
tinction to fluviatUe and marine. 

Lagoov or Laguhx (ItaL lanrunaX— Ge- 
nerally applied, as in the Adriatic, to 
shallow salt-water lakes or sheets of 
water nut off (or nearly so) from the 
sea by interyening strips of beach or 
river-deposit; also to the waters en- 
closed by circular coral-reefs ; as well 
as to the lake -like sheets that fre- 
quently occur in tidal and periodically 
inundated deltas. 

Lamimarian Zomb (lominario, the sea- 
tangle).— That zone or belt of marine 
life which commences at low -water 
mark, and extends to a depth fhim 
forty to ninety feet, and in British 
seas is characterised, ss its name im- 
plies, by the broad waving sea-tangle 
and laiger algn, by star- fishes, the 
common echinus, liy tubnlaria, modi- 
ola, and puUastra. — See Zone. 

Landbs (Fr.)— literally, heallu; but 
applied in particular by French writers 
to those extensive areas of sand -drift 
which stretch southward from the 
mouth of the Garonne along the Bay 
of Biscay, and inwards towuxis Bour- 
deaux— hence often spoken of as the 
"LuidesdeBourdeaux." They are ex- 
tensively planted with the sea-pine 
(Pinus marUim,ue)on the seaward side, 
out stretch away inland in heathy un- 
dulating plains, chiefly occupied as 
sheep-runs. 

Lamd-Lockkd. — Applied to seas that are 
isolated from the rest of the ocean by 
peninsulas and chains of islands, as 
the Sea of Japan, the Sea of Okhotsk, 
&c. Land-locked sess sre thus only 
partially enclosed or locked in by the 
land, while inland seas are surrounded 
on all sides by the land in a continu- 
ous msnner, as the Baltic 
diterranean. 

LAirDSLiP.— Any portion 
that has slidden down tp 
in conseauence of soi^ 
or distUTDing action, 
might be expected, an 
in districts sut^Jected 



NJ 



I in a continu- 
altictt^Jte- 



disturbance, and there they sometimei 
take place on such a scale as materi- 
ally to afiiect the surface conflgmatioii 
of the country. 

Lapiixi (Lat lapiUutt & little stoneX— 
A peculiar variety of volcanic cinden 
or slaggy concretions, abundsnt in 
some volcanic districts, and fonniog 
loose bare slopes inimical to anything 
like v^etation. 

Latitudk (Lat. laUtudo^ breadthX->Tfae 
latitude of a place on the earth's sor- 
face is its distance fh>m the equator, 
measured in degrees, minutes, and sec- 
(mds along its own meridian. If in the 
northern hemisphere, it is said to be 
in North Latitude (N. Lat); and if in 
the southern, in South Latitude ^ 
Int) As the distance between ue 
equator and either of the poles is only 
the fourth part of the earth's drenm- 
ference or 90*, the latitude of a place 
can never exceed that amount Par- 
alUU o/latitvde are small circles drawn 
parallel to the equator; and in such a 
circle every place has, of course, tiM 
same latitude. The terms longitmde 
and latitude arose from a notion of the 
ancients that the earth was longer 
from east to west than from south to 
north; in other words, that it had 
lenffth and breadihf which these terms 
express. 

Lkewaiu>.^A nautical term of ft«qnait 
occurrence in geographical desczip- 
tions. In sailing, that side of a ship 
against which the wind blows is called 
her tpeather-side, while the opposite 
one is known as the 2e«-«ide. All ob- 
jects on the weather-Slide are said to 
be to the windward, anid those on the 
leeside to he to- thej leeward of the 
vessel 

Licks.— An^Mdcan tAna. for swampy 
or bogJ^^^gwnBttonding saliM 
sprinj^^ ^HjMuch being JB- 
pre^ ^Hsr covered vdft 

^^lictedbr*» 

wfl4 '^oCtheaalik 
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Tfttions, deposits, life, and other fea- 
tures vhich occnr near the shore, in 
contradistinction to those of a deep- 
water or pdagie character. 

Ijittobal ZoKs(Lat lUtta^ the shore). — 
That zone of marine life which lies be- 
tween high and low water mark (vary- 
ing in enent according to the rise and 
faU of the tide, and the shallowness of 
the shoreX and which in British seas 
is characterised, as the bottom may 
be rocky, sandy, or muddy, by such 
mollasca as the periwinkle, limpet, 
mnssd, cockle, razor-shell, &c, and 
by such plants as the bladder-wrack, 
dulse, and cai'igeen. — See Zone. 

XiLAKoe (Span.)— The flat treeless plains 
that extend along the banks of Hie 
Orinocco. They are, for the most 



part, within the tropics, and during 
one half of the year are covered wii£ 
grass, and for the rest desolate. They 
are of very recent alluvial growth, and 
laige areas being inundated during 
the rainy season, they are partly still 
in progress of formation. 
Longitude (Lat UmgUnidOy length). — 
The distance of a place measured in 
degrees, minutes, and seconds, east or 
west of any fixed meridian. In Bri- 
tain, the fixed meridian is that of the 
Observatory of Greenwich ; and in 
other countries it is usually that of 
their capitals. If the place be east of 
the fixed meridian, it is said to be in 
E. Long., and if west, in W. Long. — 
See Latitude. 



M 



y 



Mabekme (Lat. mart^ the sea). — The 
Italian term for those unwholesome 
sea-marshes that difftise Mrith more or 
less virulence their pestilential exha- 
lations along tiie whole west coast of 
Italy.— Sm Pontine Marshes. 

Mesozoto (Gr. m«so«, middle, and toe. 
life).— The great division of stratified 
groups holding the middle forms of 
life, as differing firom the Palseozoic 
and Cainozoic 

Mbteobio (Gr. me<eoro«, raised above 
the earth). — Of or belonging to the 
atmosphere ; and used as synonymous 
with atmospheric. 

Heteobio Stones or Metbobites (Gr. 
nuUoroe^ floating in the air). — See 
Aerolite. 

Mjetbopous. — A term frequently em- 
ployed by naturalists when treating 
of the geographical distribution of 
plants and animals. * ' Generic assem- 
olages of plants and animals," says 
Edward Forbes, ** whether terrestrial 
or aquatic, whether fresh-water or 
marine, have their regions, or definite 
geographical areas : these are what 
are known as * generic areas.' Each 
of these has its mttropolie or district 
of greatest numbers, either of typical 
or specific forms : geographical unity 
seems to be one or the essentials of 
every generic group." 

Mile. — A weiU-known unit of measure, 
of which ^ere are two kinds— 1, The 
Oeographieal or NaviicdL miUj 60 of 
which are equal to one degree of lati- 
tude ; and 2, The common or statvJte 
mite, 69^ of which are equal to one 
degree. The geographical mUe is 
about 60791 English feet ; the statute 
mfle 5260 faet. 
luoB <IV.)m-A meteorological pheno- 

moii ogeBring vor-*- ' *'- on 

A tnoAnd e 




and occasioned partly by the unequal 
rareflcation of tne vapour of the atmo- 
sphere, and partly by the intermixture 
of strata of air having diffierent tem- 
peratures and densities. It assumes 
the appearance of a lake-like sheet of 
water, often exhibiting the reflected 
or inverted images of distant oljects. 
— iSee Fata Morgana. 
Mist. — The term applied to atmospheric 
vapour when i£ becomes visible in 
consequence of a reduction of the 
temperature of the air. Jlfi«f«, fogs^ 
iMurSf and the like, are common phe- 
nomena in insular and estuary-inter- 
sected countries like Great Britafai 
and Ireland. 
Molluscs, Mollusoa (Lat moUiet soft). 
^)ne of Cuvier's grand divisions of 
the animal Idngdom, including all 
the "shell-fish" proper, and having 
reference to the circumstance that 
these creatures have soft bodies, un- 
supported by any internal or tegiunen- 
taiy framework of sufficient density 
to merit the name of skeleton. 
Momocottledonous (Qt. monos, one, 
and hotyledony seed-lobe). — Plants 
whose fruit has only one seed-lobe, and 
consequently endogeMme in growth, 
like palms, ulies, grasses, &c. 
Monsoons (Arabic, motuHnf season). — 
) The periodical or seasonal winds of 
/ the Indian Ocean — the south-west 
/ monsoon. blowing, in general terms, 
nI from April to October ; and the north- 
^ east, from October to April. The 
alternate heating and cooling of the 
African and Asiatic continents during 
the southern and northern summers 
are the prime producers of these peri- 
odical air-currents. 
M0BAINE& — ^The name given in Switzer- 
land to the longitudinal mounds of 
stony detritus which occur at the 
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bMM and along the edges of all tlie 
great glaciers. Tlie formation of these 
accumulations is thus explained by 
Professor Agassis :— The glaciers, it is 
well known, are continually moving 
downwards, in consequence, probably, 
of the introduction of water into their 
fissures, which, in freezing, expands 
the ice ; and the ice being thus looS' 
ened or detached from the rocks on 
which it rests, is gradually pressed 
forward by its own weight. In con- 
seouence of this motion, the gravel 
ana fragments of rocks, which fall 
upon the glaciers from the sides of 
the adjacent mountains, are accumu- 
lated in longitudinal ridges or mo- 
minM as the glacier melts away. 
These moraines are termed "lateral " 
when they occur in long narrow spits 
along the sides of the glacier; *' ter- 
minal " when in transverse mounds at 
the lower end; and "medial" when 



ther occupy, in one long noge, the 
middle of a valley that has once bees 
filled by a glacier. 

Mountain (Lat. numa). — ^Any portion of 
the earth's crust rising oonsidexalily 
above the surroondjn^ sm&ce. Bk 
term is usually applied to hei^ds of 
more than 2000 feet, all beneatJi thst 
amount being regarded as JuUa, and 
when of inconsiderable height, as ML- 
locks, A M(mntaifir<Jhain, or mowRtota- 
raiige is a series of elevations having 
theh: bases in contact, and their sxes 
continuous over a considerable extent 
of country ; and several ranges possess- 
ing a certain degree of paraHdism, 
and evidently dependent on the same 
series of elevatoiy forces, constitnte a 
Mountain-Syitem. 

HoTA (Span.)— -A term applied in Sooth 
America to the foetid snlphnrous mod 
discharged by certain volcanoes. 



N 



Nadir (Arabic, down). — As the tewUh is 
that point of the heavens directly 
above the head of a spectator, so the 
nadir is that pdint diametricAlly op- 
posite, or vertically beneath his feet. 
In other words, they are the opposite 
poles of the visible horizon. 

Ness, Nabs, or Naze, litendly nose. — 
Any promontory or sudden projection 
of the land into the sea ; as Dunge- 
ness, Fifeness, the " Naze," &c. 

Nodes (Lat. nodiM, a knot). — In As- 
tronomy, the points where the orbit 
of a planet cuts the plane of the eclii>- 



tic ; or generally, the points where 
the orbit of one planet cuts or crosses 
the orbit of another. 

Normal (Lat normal a mleX — ^Accord- 
ing to rule or law ; obeying what is 
believed to be the natural law ; occur- 
ring in the ordinary course of nature. 

Nullah. — ^A Hindostanee term for those 
streams, or rather stream - courses, 
which are mountain -torrents durii^ 
the rainy season, and during the real 
of the year are dry gravelly channda, 
with here and there a trickling of 
water. 



Oasis (Sgypt AuatisX— In Physical Geo- 
graphy, a green and fertile spot in 
a desert; adopted from the Egyp- 
tian by Herodotus, and applied to 
the i)atches of vegetation which oc- 
cur around springs in the Libyan 
desert 

Orrit (Lat orbita^ a track or path). — 
The course or i)ath of a planet round 
the sun : generally, the course or path 
described by any of the heavenly bo- 
dies. The term is derived from the 
Latin word or&t«, a globe at circle ; 
hence the heavenly^ bodies are spoken 
of as orbSf and their courses as crbiUy 
though, strictly sj '**eir form 

is merely tpher^ ' ' "ourses 

eaipticoi 



Oroorapht, Oroloot (Gr. oro«, a 
mountain); — ^The scienoe which de- 
scribes or treats of the mountains and 
mountain-systems of the globe. 

Os or OsAR.— A Swedish term for those 
elongated hillocks or mounds of gra- 
vel belonging to the Drift or Glacial 
period, and which are al^ undantly and 
characteristically scattei^ed over Swe- 
den and the islands o.[( the Baltic. 
The greater i>art of the gyrarel of these 
hills, which^^H^^Wriae to 100 or 
200 fe^* * "^^^^MH pensions, and 
mix<r " -ind they al- 

niof )i)e Old a 

scaj >eiag tch 

wai 
oft 
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Pai^aozoio (Qt. palaiotf ancient, and 
zoe, life). — ^Ilie lowest diyision of stra- 
tified groups as holding tlie most an- 
cient forms of life, in contradistinc- 
tion to the metozoie and cainotoie. 
Pampas. — The vast treeless plains of the 
Paraguay and La Plata in South Ame- 
rica, stretching from the eastern ridge 
of the Andes to the shores of Buenos 
Ayres, and thence southwards into the 
deserts of Patagonia. Though tree- 
less, they ai*e covered with luxuriant 
herbage— taU grasses and thistles — 
and are pastured by vast herds of wild 
cattle and horses. 
Pamfbro.— The name given in Buenos 
Ayres t« a violent west wind, which, 
traversing the arid plains of the Pam- 
pas, raises whirl-clouds of dust, and 
carried them forward to the coast of 
the Atlantic. The pamperos seem 
to be i>ortions of the return, or north- 
western trade-winds. 
Paramos (Span.)— The name given by 
the Spanish settlers to the high desert 
tracts of the Andes in South America. 
Pelagic (Gr. pelago»t the deep sea). — 
Of or belonging to the deep sea, as 
distinct from littoral or estuarine. 
Perigeb (Gr. pert, around,about, and ge^ 
the earth).— That point of a planet's 
orbit at which it is- nearest to the 
earth; its apogee being the point at 
which it is farthest off. 
Plateau (Fr.)— Literally, a platform; 
introduced by the French geographer 
Buache, and applied to any elevated 
and comparatively flat sur&ce of land; 
a table-land or high level region. 
Pluviometer (Lat. pluviuSf rain ; metron, 
a measure).- An instrument for catch- 
ing falling nin, so as to determine the 
amount that falls at any given locality 
within a given period; a rain-guage, 
of which there are several yarieties in 
use by meteorologists. 
PoLDBBS (Dutch).— The name given in 
Holland to the low fertile lands 
reclaimed by vast systems of dykes 
and embankments from the sea. The 
soil of the polders consists of muddy 
deposits, mixed with comminuted 
shells and fine sea sand; in other 
words, it is a fine marine silt, rendered 
fertile by the abundance of its organic 
debris. 

'tEs (Gr. voleo, I turn). — The extremi- 

g of the axis or imaginary line 

id which the earth tnrns m her 

' rotation. They are resnectively 



the North and South, or the Arctic 
and Antarctic Poles ^ and the districts 
therewith connected are known as the 
Polar Re^ione. By prolonging the 
earth's axis towards .the apparent ce- 
lestial concavity in which the earth 
rotates, we form, in like manner, the 
Poles of the Heavens^ north and south ; 
and hence the Pole or Polar Star, from 
its proximity to the pole of the heav- 
enly vault. 

Pontine Marshes.— These sea-fens, so 
well known and dreaded by the in- 
habitants of Rome and the delta of 
the Tiber, are occasioned, according 
to Admiral Smyth, by the quantity of 
water carried into the plain by in- 
numerable streams that rise at tlie 
foot of the mountains to the east of 
Rome, which, for want of sufficient 
declivity, creep sluggishly over the 
level space, and sometimes stagnate 
in pools, or lose themselves in the 
sands. Here, fermenting with de- 
cayed vegetable matter, and acted 
on by a fervid climate, malaria is pro- 
duced — that invisible enemy that poi- 
sons the fairest portions of Italy, 
otherwise so salubrious, and rendere 
man a sufferer Arom his cradle to his 
early grave. There is every appear- 
ance that the basin of these marahes 
was once a gulf of the sea, which has 
been gradually filled up by alluvium 
from the mountains. — See Maremme. 

Portage (Pr.)— Applied by voyageura 
to the space or waterehed that lies 
between the navigable branches of 
rivera belong^n^ to the same or differ- 
ent hydrographic basins, and so called 
from the circumstance that boats and 
goods have to be carried from the one 
branch to the other. The name is 
also given to those parts where, in 
order to avoid cataracts or dangerous 
rapids, the boats are unloaded, taken 
out of the water, carried above the 
obstruction, and again launched and 
loaded. 

Prairies. — ^The open, slightly undulat- 
ing, and grassy plains of North Ameri- 
ca. Situated in the Great Central 
Plain, the prairies are of vast extent ; 
some are rolling, othere are flat, and 
level in surface; many of them are 
treeless, and covered only witii luxuri- 
ant gp*ass and fiowere; towards the 
south some tracts verge into a shrubby 
woodland, while in the extreme north 
the soil is largely swampy and desert. 
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Raiii-Oauok.— An iiutrament, of which 
there Are eereFel kindi, for aeoerUfai- 
ing the tmoant of rein -fall In any 
given locality. 

Batiks (Let. ra$rio, I aoond hoaraely). 
A deep predpitoas goige, nsoally the 
naiTOW excavated channel of some 
mountain atream, and ao called fh>m 
the hollow murmor of Ita waters. 

RacBHT (lAt rteemty tnah, ttiSl grow- 
ingX — In geological daaaiflcatiim the 
term JJtceml ia applied to all aocnmn* 
lationa and denouta whidi have taken 
place daring tne hnman epoch, or are 
atUl in pmgieaa of formation. All 
accnmnlationa and depoeita whose fos- 
ail remaina helong exdnsiTely to ape- 
dee atill eziating, are, geoiogiculy 
apeskinit ''recent," though chrono- 
logkally of vaat antii^ty. 

Rssr rSax.)— A liff or ndge, nanally ap- 
pUea to a range or ledge of rocka oe- 
cnrring in the aes, and only partially 
covered, or placed at no great depth 
nnder the aniftoe of the water; e.^., 
the " coral-reefli " of the Boathexn 
Ocean. 

Bbqios. — A tenn olten loosely applied 
in geography, hat applicable to any 
large tract of aes or land wMch. is 
diaraeteriaed by aorae featare not to 
befbond inotheri 



Bionn.— Tlie nativs name for tlie eotta 
aoO of India, vriiidi is add to tan 
nearly a third part of the tovQun 
peninsols, snd to range noitiivudt 
a greet dietsnfy, snd alao islo ft 
Binnsn Empire. It ocenpiei wid 
levd plsina ; is of s Unish-UMk i 
greeniah-grey eoiomr — from time 
twenty feet in thicknees : is of m 
rellons fertility, and endestly of i 
Invial origin. 

RiTKK (Lat. rtma* Gr. ree, I flow> 
The nsoal name for all eoosidai] 
bodies of rmintng water that tan 
the land — gtrmmu, numeb, rinL 
snd the like, being the temu fori 
minor flows that feed tiie mamrn 
eonent. Rimr-haam, the wlwle 
tent of valley-shaped or hsan-^] 
eo uutr y drahwd by any liver and 
txlbatsiies; e.g., the '•^-^ ^ 



Serein," the ** basin of the Tky,' > 
Bwer-flmn, sny ooenpsrativd^ 1« 
and extensive tmct tnLvereed by 
or more rivers, snd sppsrentily fi^ 
most psit nA sihivial <Higtn. 
BoADSiSAD or BoAPa. — Usoally i])|i 
to an open and exp ose d andiot 
where ahips may ride nnder the k 
ahelter of the land, bat from W 
tibey most sail when the wind iial 
to blow atrang Ihnn the 



s 



Sauir (Lat saZ, aaltX— Impiegnated 
with aalt, as "saline sprues." SaU- 
firomMt c<Hitsining or ytddingsalt, like 
the "ssliferooa atnts" of Chediire, 
in &i^tend. 

Salssb.— Braptiotta of hot addnfaded 
mod firom amall mifices, generally in 
volcanic diatncta, and often accom- 
panied by steam and gaseaat a high 
temptfstare, which act poweifiilly on 
the aoiToanding solid nntteis, diain- 
tegrsting snd decomposing them, snd 
forming new eompoinids. 

SAVAScfAH or Savaxsa (R-.)— An Ame- 
rican term for any vast grassy plsin 
or prairie; bat asasDy applied to 
the great coitnd r^sin of North Ame- 
rica, which may be said to stretch, 
with little peireptible intcmpCioB, 
fkom tte Golf of Mexico to the 



ScAS or ScAcn (Ssr 
pk<«ofiock,Kkr 
«4^aorth-weste 

a 
swsy so ss to ] 



tons front like many cKA snd n 

Henee the tenn seorp 

or 9k>pe and om 

Me|ie, which aecL 

SoosLB (ItaL marii^ dross>.— Af 

to all accomnlstioBs of dust, i 

dnden^ snd o4her looa e fragme 

rocks diwhaiged frvNn active \ 
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gtons of the great Aamasonian plain. 
Low-lying, damp, fertile in soil, and 
under the inflnences of a tropical sun, 
these silixu present the rankest luxu- 
riance of primeval forest-growth. 

Simoom. — An Arabic term signifying 
^toison, and applied to a hot suffocat- 
ing wind, which occurs in most coun- 
tries bordering on sandy deserts. 
Coming fh>m the arid desert, and 
laden with the minutest particles, it 
often gives a red or reddish-dun col- 
our to the atmosphere, and thus fore- 
warns the traveller to take shelter 
from the approach of its pestilential 
breath. In Turkey it is called the 
Samieli/ in Egypt Khamsia (fiftyX 
because it usually continues fifty 
days; and on the western coast of 
Africa, Harmattan. 

BiBocoo (Arab.)— The name given to the 
hot'parching wind which occasionally 
passes over Sicily and adjacent dis- 
tricts, and which is supposed to ori- 
^nate in the Sahara or Great Burning 
Desert of AiHca. 

Slops and Countkr-Slope.— The mino- 
rity of mountain-chains present on 
one side a long and gentle slope, and 
on the other a short and rapid one — 
the former is termed the «fope, the 
latter the counter-slope. Thus the 
slope of the Andes is towards the At- 
lantic, the counter-slope towards the 
Pacific. 

Skow- Blanket. — The name given by 
farmers and others to any consider- 
able thickness of snow which covers 
the ground during winter, and helps 
to protect its v^^tation from the 
severity of the frost. In continental 
countries, like central and northern 
Europe, this blanket is of essential 
service durinp; severe and long-con- 
tLnOjed troats in early spring. 

Snow-uobt or Snow-blink. —The name 
sIveBL 1^ voyagers and travellers in 
Wft arctic regions to the peculiar re- 
flectton that arises from fields of ice 
or snow. An experienced seaman, it 
is said, can readily distinguish by the 
blifik whether the ice is newly-formed, 
heavy, compact, or open. The blink 
or snow-light of field-ice is the most 
lucid, and is tinged with yellow ; of 
packed ice it is pure white ; ice newly 
fofmed has a greyish blink, and a 
deep yellow tint Indicates snow on 
land. 

SKow-LrNK.— ISiat line or limit of eleva- 
tion at which the air permanently 
attains the temperature of fi^ezing 
water, and at and above which the 
surface is perpetually covered with 
. snow and ice. The snow-line is, of 
course, highest towards the equator, 
and gradually descends as we ap- 
proach either pole. 

8oukso,(Lat tol, the son).— A hot 



south-west wind which occasionally 
visits the Spanish peninsula, and, blow- 
ing from the direction of the African 
deserts, is regarded as a modified 
nroecOf which see. 

Solfatara (ItaL «o(/b, sulphur). — A 
volcauic fissure or other orifice from 
which sulphureous vapours, hot mud, 
and steam are emitted ; akin to the 
fumerolesj kamitos, hervidero8t and 
saUea that occur in most volcanic 
areas. 

Solstices (Lat sot, the sun ; sto, I standi 
— The two extreme points of the sun's 
apparent course north and south of 
the equator, and where he appears to 
make a stand, going neither north- 
ward nor southward. These are the 
first points of Cancer and of Capricorn, 
and the two corresponding seasons of 
the year are Icnown as uie Summer 
and Winter SoUtices. 

Spoonorift. — During storms at sea, the 
violence of the tempest is sometimes 
so intense as to quell the billows, and 
scatter the water in a heavy shower, 
called by the sailors spoondrift. On 
such occasions saline particles have 
impregnated the air to the distance of 
fifty miles inland. 

Station. — ^The region occupied by any 
particular plant is called its staHon^ 
and that of any particular animal 
its Aa6itat— each being the locality 
which presents the conditions most 
favourable to its growth and develop- 
ment. 

Steppes. — A Tartar term, adopted by 
geographers for those extensive fiats 
or plains which occupy so large a 
portion of Northern Asia and Siberia. 
They are generally covered with long 
rough grass, are but partially wooded, 
and consist of alluvial deposits (sand, 
gravel, black-earth, bog-earth, &c), 
all of comparatively recent formation. 

Stufa. — An Icelandic term for those 
fissures or orifices in volcanic districts 
(like Hecla), from which jets of steam 
issue, often at a temperature much 
above the boiling-point of water. 

Sub - AERIAL. — Literally ** under the 
air;" applied to phenomena which 
take place on the earth's surface or 
under the open air, in contradistinc- 
tion to tv^HtqMouif or under tiie 
water. 

SuB-AQUEOUS (Lat. Stt&, under ; aqua, 
water).— Applied to phenomena that 
take place in or under the water, in 
contradistinction to stib-aeridlj or 
those that take place under the open 
air. 

Submarine rLat sub, under, and mare, 
the sea). — ^Under the sea : applied to 
objects that have their pltoe at some 
depth in the waters of ^e sea, at the 
bottom ol tYk,^ Q<»«D^ <si ^-^ws^Xs^ 
the 'wai&TA ol \JSift Q«5«asi\ «sk *"*■ «oJar 
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sun seems directly to i>ass when he is 
at tlie greatest distance from the 
equator — viz., 28i degrees, and so 
called because he turns alternately 
southward and northward on reach- 
ing these points in his apparent 
Annual course or ecliptic. The ex- 
treme divergence of the ecliptic 
from the equator being marked bv 
the constellations Cancer and Qaprf- 
com, the one circle is called the 
northern tropic or Tropic of Cancer, 
and the other the southern, or Tropic 
of Capricorn. The zone or belt of the 
earth within these circles is said to 



be "within the tropics" or ''Iropi- 
caly*' and constitutes the Torrid Zone 
of dimatologists. Plants, animals, 
climate, and other phenomena oc- 
curring within this region are said to 
be Tropical t those on the extreme 
temperate verges of the region, Suh- 
tropical. 
Typhoon (Gr.) — Literally, a tempest or 
whirlwind. Typhoons, the name given 
by navigators to the hurricanes that 
visit, generally from June to Novem- 
ber, the seas of Southern China, and 
the adjacent archipelago of the Phi- 
lippines and Moluccas. 



Vax^bt (Lat vaUu).— -Anv depressed or 
low-lying tract of land bounded by 
liill or mountain ranges ; and usually 
traversed by a stream or river which 
receives the drainage of the surround- 
ing heights. We have thus " circular 
valleys," *' longitudinal valleys," and 
*' cross valleys,'' according to the con- 
figuration and disposition of the 
bounding heights ; though, generally 
speaking, longitudinal valleys, taking 
their names finom the rivers which 
flow through them, are the most char- 
acteristic and common. A level tract 
of great extent, and traversed by 
more rivers than one, is, properly 
speaking, not a valley, but a plain : 
and deep narrow river -courses, on 
the other hand, are more correctly 
designated yUnt, ravines, and gor- 
ges. 
Variables. — ^Near the equator the trade- 
winds, north and south of it for a cer- 
tain distuice, completely neutralise 
each other, and the zone of calms and 



light breezes so formed is known as 
the VarUMes. 

Volcanic ( VnlcamLS, god of Are). — Ig- 
neous action apparent at the surface 
of the earth, in contradistinction to 
Plutonic (which see), or that taking 
place at great deptns in the interior. 
Volcanic, as applied to rocks, em- 
braces all igneous products of recent 
or modem origin, as distinct from 
Trappean and Granitic. 

YoLCAKic Foci (Lat focus, a fire, the 
point of greatest intensity). — Subter- 
ranean centres of igneous action from 
which minor exhibitions diverge. 

Volcano (Lat Vulcanus, the god of 
Are). — ^A volcano has been described 
by Sir Charles Lyell **as a more or 
less perfectly conical hill or mountain, 
formed by the successive accumula- 
tions of ejected matter in a state of 
incandescence or high heat, and having 
one or more channels of communica- 
tion with the interior of the earth, by 
which the ejections are effected." 



w 



Watsbspout. — " The waterspouts so 
frequently seen in the ocean origi- 
nate," says Mrs Somerville, "in ad- 
jacent strata of air of different tem- 
peratures, running in opposite direc- 
k tton s in the upper regions of the atmo- 

^^^Jfljfeere. They condense the vapour 
^■l^m^give it a whirling motion, so that 
^^^^^^'~" *\b tapering to the sea be- 
^B '■ses the surface of the 

^r^ id in a pointed spiral 

W (h)m above, and then 

^ ) inverted cones* be- 

le middle than either 

When a waterspout 

^rxotion, the upper 

ist move in the 

with equal velo- 



city, otherwise it breaks, which fi:e- 
quently happens." 

Weather-Glabs.— The familiar name 
for the barometer, whose variations 
usually indicate approaching changes 
in the state of the weather. 

Whirlpool. — Any rotatory or circular 
motion of water produced by opposing 
winds and tides. The whirlpool of 
Maelstrom, on the coast of Norway, is 
occasioned by the meeting of tidal 
currents round the islands of Lofoden 
and Hoskoe. It is a mile and a half 
*— '■** — *''- and so violent that its 
- the distance of several 

» name given to aerial 
ime a rotatory, whirl- 
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Ing, or spinl moiton. Theysre often 
of great Tiolenoe, Imt fortunately of 
ahort duration, and are moat f^ 
quently caosed by the meeting of two 
contrary winds, though ■omeumes bv 
obetruetionB of the land, as precipi- 
tous mountains, narrow gorges, and 
the like. Their occurrence at sea pro- 
duces wtiertipoiuu : on the loose'sands 
of the desert, acmd-piUanj and kindred 
phenomena. 
WiKD (Sax.)— The general name for 
aerial currents caused by the unequal 
heating of the atmosphere— the heated 
and more rarefied portions ascending, 



and the colder and denser fiow^ in- 
wards to supply their place. Winds 
are divisible into three great catMo- 
rieB—permanaUf like thetrade-winai; 
periodical, like the monsoons and tlie 
sea and land breezes ; and aeadaad, 
when the times of their occonence 
cannot be determined. 
Windward. — ^In nautical phrsseoloflr, 
idl ottJects on the weatbenide oTt 
yessel, or that against which the wind 
blows, are said to be to the windward 
—that is, in the direction from iHudi 
the wind blows.— See Lieewaid. 



Zekith (Arabici— In Astronomy, that 
point in the heavens which is verti- 
cally or right above the head of the 
spectator ; the term tMdir being that 
which denotes the opposite point, or 
that perpendicularly or right under 
his feet 

Zodiac (aodion, a little animal).— The 
name given bv astronomers to the 
aone vnthin which the apparent mo- 
tions of the sun, moon, and all the 
greater planets are performed. It 
constitutes abelt nine degrees on either 
side of the ecliptic, and is so named 
from its containing the figures of the 
animals, 4cc., which represent the 
twelve sigDS.— (See Signs of the Zodiac 

ZoNS, in Qeography (Gr. eona, a girdle), 
—cine of the five gieat belts into which 
the earth is supposed to be divided in 
respect to temperature — ^viz., the tor- 
ridj two temperate, and two frigid 
zones. The torrid includes all the 
space that lies between the tropics, or 
23^ degrees on each side of the equi- 
noctial line ; the temperate from that 
limit to the arctic circle (66| degrees) 
in each hemisphere; and the frigid 
zones firom the Arctic circles to either 
I>oIe. 

Zone, in Botany.— With a view to gene- 
nlise their observations on the geo- 
graphical distribution of indigenous 
plants, botanists are in the habit of 



dividing the horizontal range of vege- 
tation mto tones, bounded by annoil 
isothermal lines, as— 1, the equato- 
rial; 2, tropical; 8, aub^tropical ; 4, 
warmer temperate ; 5, cooler tempe- 
rate ; 0, sub-arctic ; 7, arctic ; and 8, 
the polar. These zones, being v^ 
plicable to either hemisphere, ex- 
press the climatic facies of v^;etatioa 
within more precise limits than the 
three great zones — ^torrid, temperate 
and fr^d— of the geographer. 
Zone, in Zoology. — Ihrery zone, from 
the shore daily covered by the tides 
to the greatest vital depths, being 
characterised by its own peculiar sea- 
weeds and shell-fish, in a manner veiy 
analogous to the changes in the fonnx 
and species of vegetation observed in 
the ascent of a tropical mountain, 
zoologists are in the habit of speak- 
ing of certain bathymetrical zones or 
"zones of life regpilated by depth." 
Thus, in the British seas, naturalistB 
(following the late Edward Forbes) 
point out /our great belts of life— the 
Littoral, the Lamisuirian, the Corolr 
line, and the Coral (which see); or 
applying the principle to the life of 
the ocean in general, they distinguish 
five great belts of depth — ^viz. 1, the 
littoral; 2, Circum-littoral ; 3, Me- 
dian ; 4, Infra -median ; and 6, the 
Abyssal or Deep-sea zone. 
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The figwrti rtfer to the HOions of the text in vfhieh the parfieuJar term or miijeet 
occurs; 0. to th$ Olossary, where U is still fwrther explained. 



Abyssikia, plateau, or table-land ot 85. 

Abysaiman moontain-Bystem, 72. 

Acclimatisation of plants, 271, G. 

African " dry rivers," nature of, 172. 

Africa, general aspects of, 828-334 ; va- 
rious regions of, 829; geology, 830; 
climate, 381 ; vegetation, 332 ; ani- 
mals, 333 ; inhabitants, 334. 

Agricultural zones of vegetation, 269. 

Ahy, Professor, on the velocity of waves, 
127. 

Alleghany mountains of America, 77. 

Alpine mountain-system, 62. 

Alps, zones of vegetation on, 262. 

Altai, mountain ranges, 70. 

Amazon, rise, course, and delta of, 176. 

American, or red variety of man, 293. 

Amour, rise and development of, 182. 

Andes, mountain-system of, 79. 

Andes, zones of vegetation on, 260. 

Animals, their distribution and habitats, 
273. 

Antarctic drift-currents, 142. 

Antipodes, antipodal, definition of, 
22, G. 

Appalachian mountain-system, 77. 

Archipelagoes, or island clusters, 89. 

Arctic current of Atlantic, 140. 

Arctic and Antarctic Oceans, nature of, 
108. 

Arctic river-system, 166. 

Arctic zone or vegetation, 267. 

Armenia, plateau or table-land of, 88. 

Asia, general aspects of, 320-827; vari- 
ous regions of, 822 ; geology, 323 ; cli- 
mate, 324; vegetation, 326; animals, 
826; inhabitants, 327; civilisation, 
827. 

Atlantic Ocean, characteristics of, 104. 

Atlantic river-system, 169. 

Atlas mountain-system, 71. 

Atmosphere, as a constitoent of the 
globe, 19, G. 

Annosphere, nature and function of, 
'W-203. 

A ospbere, temperature of^ in zones 
^ amtade, 204. 
^riftj, aspects ' f, 

S aspects 2 



Australia, mountain-ranges o^ 76. 
Australian plains'and deserts, 93. 
Avalanches, nature of, 239, G. 

Baroxbteb and barometric pressure, 

201. 
Basin, river, lake, and sea-basins, 166. 
Bathymetrical zones of vegetation, 267, 

G. 
Beach or strand, nature of, 86. 
Bolivia, table-land or plat^u of, 86. 
Boulder clay, northern or glacial drift, 

81. 
Brazilian mountain-system, 80. 
Breezes, sea and land, cause of, 220. 
British mountain-system, 69. 
Buist, Dr George, on atmosphere, 202. 

Calms and variables, zone of, 215. 

Cameroon mountains, Africa, 78. 

Canadian lakes, their areas, 198. 

Cape mountain-system, 74. 

Carboniferous or coal-measure system, 
31. 

Caucasian or white variety of man, 289. 

Caucasian mountain-system, 66. 

CastUe, table-land or plateau of, 84. 

Centrifogal force, nature and enects of, 
13. 

Chalk or Cretaceous rock-system, 81. 

Change, causes productive of, 306-310. 

Chinese river-plains, 91. 

Circles, greater and lesser, defined, 22. 

Civilisation, general conditions of, 297. 

Civilisation, its conditions and progress, 
297-299. 

Climate, causes affecting, 241-244, G. 

piimates, insular and continental, 207. 

Climates, insular and continental, 243. 

Climatology, science of, 199. 

Clouds,'nature and nomenclature of, 228. 

Coast-line, its proportion to land-area, 
48. 

Colonies of Australasia, 862-364. 

Colour of sea-water, 122. 

Commercial zones of vegetable products, 
270. 

Compressibility of water, 116. 

Configuration of land, causes and con- 
sequences of, 64. 
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Continent or principal land masses, areas 

of, 88. 
Continental rii'er-systems, 189. 
Contonr, or horizontal outline of land, 

47, G. 
Co-tidal lines, sketch-map of, 181. 
Courses of rivers, nature of, 168. 
Crag and tail, phenomenon of, 66, O. 
Crust of the earth, meaning of, 16,''25. 
Currents, oceanic, their fiuxctions, 144, 

146. 
Currents of the ocean, nature of, 134-142. 
Cyclones, nature and course of, 224, 225, 

O. 

Dakubb, rise, course, and development 
of, 170. 

Day, cause and definition of, 11. 

Dew-point, nature of, 226, G. 

Delta and deltoid plains, 88, G. 

Deltas and deltic plains. 97. G. 

Density of the globe, 16. - 

Depth of the ocean and seas, 116. 

Depth of rivers, 163. 

Development and length of rivers, 159. 

Devonian, or Old Red Sandstone sys- 
tem, 31. 

Dew, nature and formation of, 226, 227. 

Dismal Swamp, description of, 94. 

Distribution of land and water, 34-44. 

Doldrums, zone of calms and variables, 
216, G. 

Domestication of animals, principles of, 
281. 

Drift-currents, nature of, 185. 

Drosometer, or dew measurer, 226, G. 

Eabtbquare-wavss, nature of, 126. 

Ebullition or boiling, nature of, 101, G. 

Eburz mountain-ranges, 67. 

Ecliptic, origin and definition of term, 
22, G. 

Economical zones of vegetable products, 
270. 

Equator, or line of eaual division, 20, G. 

Equatorial current of the Atlantic, 137: 
of Pacific. 141. 

Equatorial zone of v^^tation, 252. 

Etesian winds of Europe, 222, G. 

Ethiopian, negro, or black variety of 
man, 295. 

Ethnology, or races of man, 284-299, G. 

Euphrates, rise, course, and develop- 
ment, 186. ^ 

Europe, general aspects of, 311-819; 

Sology, 313 ; climate, 314-316 ; vege- 
tion, 317 ; animals, 318 ; inhabitants 
and civilisation, 319. 
Exotic and indigenous vegetation, 250, G 

Fauna, application of the term, 247, 
Feus or marsh-plains of England, 97, 
Flora, application of the term, 247, (> 
Fogs and mists, nature of, 228. 

Ganges, rise, course, and delta of, 184. 
Geography, definition of, 1. 
Geography, mathematical, political, de- 
scriptive, and physical, 2. 



Geology and Physical Geography, con- 

necuon between, 83. 
(Jermanic plain, description o^ 80, (XL 
Gliauts, eastern and western ranges, 68. 
Glaciers, formation and nature of, 239. 
Glaish^, Mr, on temperature of air, 203. 
Granitic rocks, nature and oxigin ot 32. 
Gravitation, nature and effects of, IS. 
Great northern plain of Old World, 89. 
Guinea, mountam-ftystem of, 73. 
Gulf-stream, cause and course of, 138. 
Guyot, M., on variable winds, 221. 
Guyot, H., quoted, 8, 320. 

Habitat of an animal, 273, G. 
Hail, phenomenon of. 238. 
Hendspheres, continentnl and oeeanic, 

87. 
Hemisphere or half-spheres described, 

20. 
Himalayan mountain-range, 68, 
Himalayas, zones of vegetation on, 26L 
Hindoo Koosh mountain- range, 67. 
Hindostan, great plain of, 91. 
Hoang-ho, rise and development of, 181 
Hoar or white ftost, 238, O. 
Hot springs, nature of, 150. 
Humboldrs current, 142. 
Hun^rian plain, 91. 
Hurricanes or. tempests, nature of, 224. 
Hypsometrical zones of v^etation, 260, 

G 

Iberian or Spanish mountain-system, 6(1 
Icebergs an^ ice-floes, formation of, 

239, G. 
Indian Ocean, characteristics of, 107. 
Indian Ocean, river-system of, 183. 
Indus, rise, course, and delta of, 185, 
Indigenous and exotic vegetation, 250, 6. 
Interdependence of plants and animaig, 

282. 
Iran, plateau or table-land of, 83. 
Islands, geographical arrangement of,39L 
Isochelmal or equal winter lines, 245. 
Isotheral, or equal summer lines, 845l 
Isothermal, or equal mean temperatnt 

lines, 246, G. 

Japan current, course of, 14S. 



Kamtchatka, active volccnotti 
Karoos of Southern AMea, ^ 
Khasia, excessive rainfik& 
XflmacUaro and Kenia 
Klooft of Southern AfHc% 

La Plata, rise and course o' 
kes, their functions in n. 
s and lacustrine 
the, its conflgn 
•lescripttve ted 
lain MdMUvirioita. 
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tiife, stratam of; its dimensions, 248. 
Links or sand-dunes of Scotland, 97, G. 
Llanos of South America, 96, G. 
Longitude and latitude defined, 23, G. 
Lowlands, technicalities of, 88, 
Lowlands of the worid, 87-100. 
Lowlands, their origin and character- 
istics, 99-100. 
Luminosity or phosphorescence of sea, 
122, 3. 

Malay, or brown variety of man, 296. 
Malaysia, aspects and character of, 350- 

351. 
Man as affected hy external conditions, 

284-286. 
Mongolian or yellow variety of man, 291. 
Maury, Captain, on sallxiess of ocean, 

110. 
Mean depth of the sea, 118. 
Mean elevation of continents, 53. 
Mediterranean, description of, 105. 
Meridians, nature and definition of, 22, G. 
Mesopotamia, ancient plain of, 91. 
Metamorphic system of crystalline 

schists, 31. 
Mexico, table-land or plateau of, 86. 
Mineral springs, nature of, 150. 
Mississippi, rise, course, and delta of, 

179. 
Moisture of the atmosphere, 208. 
Monsoons, nature and cause of, 218. 
Month, cause and definition of, 11. 
Moraines, formation and cause of, 239. 
Mountain-heights, characteristics of, 66. 
Mountains and mountain-systems, 55-82. 
Mozambique current, course of, 141. 

Natural law, its universality and per- 
manence, 806, 357. 
Neap-tides, cause and occurrence of, 129. 
New Red Sandstone, Trias and Permian, 

8L 
New World, or western hendsphere, 38. 
New Zealand, aspects and character of, 

352. 
Niger, rise, course, and delta of, 172. 
Nile, rise, course, and development of, 

178. 
NUs^erri hill-range, 68. 
NQoitc delta, map of; 88. 

" America, general aspects of, 335- 

taiions rogions of, 336 ; geolog^- 

' eta, 387; cUmate, 338; vege- 

829;aiiimals,340; inhabitants, 

MEUsation, 341. 
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Old Bed Sandstone, or Devonian system, 

31. 
Old World, or eastern hemisphere, 38. 
Oolitic or Jurassic rock system, 31. 
Orinocco, rise, course, and delta of, 177. 

Pacifio Oceak, characteristics of, 106. 

Pacific river-system, 181. 

Pampas of South America, 95, G. 

Pampero, or wind of the pampas, 223, G. 

Parallels, high, low, and middle, 23. 

Peling mountain-range, 69. 

Peninsulas, their genend trending, 47. 

Permian and Triassic rock-systems, 31. 

Physical (Geography, its aim and objects, 
1-6 ; its theoretical and practical bear- 
ings, 6-8 ; qualifications for its study, 6. 

Physical Geography, objects and prin- 
ciples of, 300-310. 

Plains and deserts of the world, 87-100. 

Planets, distances, revolution, and di- 
mensions of, 11, 14. 

Plants and animals, independence of, 
282. 

Plant-life, laws of its distribution, 251- 
271. 

Poles, north and south, why named, 20. 

Polynesia, aspects and character of, 855- 
356. 

Post-tertiary or Recent rock-system, 81. 

Prairies of North America, 94, G. 

Pressure of ocean depths, 115. 

Profile of land-masses, 50-54. 

Puna, or dry cold wind of the Andes, 
223. 

Pyrenees, culminating point of, 60. 

^rrenees, zones of vegetation on, 262. 

Bain, nature and formation of, 229-234. 

Rainfall in different latitudes, 230. 

Rainfalls, periodical, variable, and ab- 
normal, 233-236. 

Rainfalls, violent ; examples of, 232. 

Rainless tracts, cause of, 237. 

Relative position of land, its eflTects, 46. 

Relief or elevation of land masses, 50. 

Representative species, meaning of, 280. 

Rhine, rise, course and development of, 
169. 

Rivers, their characteristics, 155-163. 

River-systems, account of, 164-189 ; ab- 
stract of, 189. 

Roadstead, definition of, 42 G. 

Rock formations, age and arrangement 
of, 28. 

Rocks, stratified and unstratified, their 
formation, 26. 

Rock systems, tabulation of, 29. 

Rocky Mountains, system of, 78. 

Rotundity of globe, proofs of, 13. 

Sahara, or Great Desert "* a^w^* o*» 
St Lawrence, rise anc* 

180. 
Salt lakes of Asia, V 

19& 
Sardo-Corsican moi 
Sargasso Sea, natui 
Sarmatian mountaii 
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SftteDttM or mtnndny pfaBte detosd, 

11 O. 
BeuiAhuiJim moraitaiB-cjttcn, 68L 
Befthoaid, phjiical ehaneteriities of, 

M. 
8eft-water, compositioii uid ehsneteris- 

tict of, 110-114. 
BeaaoDt, nature and canaas of. 12 O. 
BelTM of Sontii America, 96 O. 
Bhore-line or coast-line, nature ci, S& 
Blenas of Brazil. 80. 
BUarian rock-erstem, 81. 
Simoom, dry hot wind of the deceit, 

S23. 
Bleet, formation of, S88. 
Blope and eoonter-alope of landa, 61 0. 
Bnow, caoae and nature of, 288. 
Bnow blanket, neea of, 240 Q. 
Bnow t>Unk, caoae of, 240 O. 
Bnow line, altitude and curve of, 288. 
Bolar lyetem, members and conatitutioii 

of, 11. 
Source or rise of riTcre, 167. 
South America, grand aspecta of, 842, 

849; regions of. 848; geology, 844; 

climate, 845; ▼egetation,S40; animals, 

847 ; inhabitants, 848. 
Bpeke on source of Nile, quoted, 178. 
Spheroidal form of the earth, proofs of, 

18. 
Springs and streams, description of, 

148-164. 
Spring- tides, cause and occurrence, 129. 
Biannovoi mountain-ranges, 70. 
Station of a plant, meaning of, 273. 
Bteppes of Old World, 90, 91. 
Stranfled and unstratifled rocks defined, 

26. 
Streams or riyulets, functions of, 158, 

154. 
Streams and springs, nature of, 148- 

168. 
Sub-arctic zone of regetation, 267. 
Sub-tropical cones of vegetation. 254. 
Sun's rays, effects of, on vegetation, 

268. 

Table-lands or plateaus, 88-86 G. 

Tasmania, aspects and character of, 859. 

Taurus and Anti-Taurus mountains, 67. 

Tchnomozem, or black earth of Russia, 
90. 

Telegraphic plateau of Atlantic, 119 G. 

Temperature, warmer and colder, zones, 
255, 256. 

Temperature, or heat of globe, 16-18. 

Temperature of ocean, 120. 

Tertiary system, description of, 81. 

The earth, Its general or planetary rela- 
tions, 9, 28 ; its motions, 11 ; its figure 
and dimensions, IS; proofs of its 
rotundity, 13 ; its area and contents. 
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Tibet, i^ateaMor 
Tidal ware, 

ISS. 
Tides, llieir ongiB 

18SO. 
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Trade winds, iiatare and eause at, 211 
Tteppean nMcka, nsteie sad oiigia 9i, 

82. 
Triasaie and FeimisB aystesia, 31. 
Tropical zones ot TcgetatioB, 253L 
T^iea, origin and deiliutiai of tem, 

21 G. 
Tundras or frozen moinssea of Stwris, 

00. 
Typhoons or hnnieanes of dusese Sea, 

224. 

UNSTSATirnBD and stratified roeks, de- 
fined, 26. 
Uralian mountain-system, es. 

Valleys or minor plains, 96, 9T. 
Variable winds, account of, 221. 
V^ietative character of American isee, 

295. 
Veloci^ of streams and rivers, 161, 16i 
Volcanic or igneous rocks, arrangoneiit 

of, 30. 
Volcanic rocks, nature and origin (tf, 31 
Volcanoes and earthquakes, mapof; p. 97. 
Volume or size of rivers, 160. 

Water, circulation of, 147. 
Water, hard and sof^ causes of, 15L 
Water, nature and comi>OBition ot, lOL 
Water, technical subdixnsions of, 42, 43. 
Watershed or watersched of riven, IM. 
Waterspouts and sand-pillars, 221 
Waves, nature and character of, 124- 

128. 
Whirlwinds, nature and causes of, 224. 
Winds, nature and ftmctions o^ 21&- 

226, G. 
Wind waves, height and velocity of, 126- 

128. 

Yablovoi mountain-range, 70. 
Yang-tse-Kiang, rise and development 

of, 182. 
Year, cause and definition of^ IL 

Zone of calms and yariables, 215 G. 
Zones of the earth, charact^isties of, 

21 G. 
Zones of v^tation, 252-269. 
ZooloffliriHUCdoma and provinces, 837. 
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WILLIAM BLACKWOOD AND SONS, 

EDINBURSa AKD LONDON. 



NEW WORKS ON GEOGRAPHY. 

BY THB 

Kkv. ALEXANDER MACKAY, 

LIi.D. F.R.G.8. 

A MANUAL OF MODERN aEOGBAPHT, Mathe- 

MATiCAL, Physical, and Political. With a copious Index. 
Crown 8vo, pp. 760, price 7s. 6d. 

This volume — the result of many years' unremitting' application — is 
specially adapted for the use of Teacher;*, Advanced Classes, Candi- 
dates for the Civil Service, and proficients in geography generally. 

II. 

TWELFTH THOUSAND. 

ELEMENTS OF MODERN GEOGRAPHY, for the Use 

OP Junior Classes. Crown 8vo, pp. 300, price 3s. 

The ' Elements ' form a careful condensation of the ' Manual,' the 
order of arrangement being the same, the river-systems of the globe 
playing the same conspicuous part, the pronunciation being given, and 
the results of the latest census being uniformly exhibited. This volume 
is now extensively introduced into many of the best schools in the 
Idugdom. 

m. 

TWENTY-EIGHTH THOUSAND. 

OUTLINES OF MODERN GEOGRAPHY : A Book for 

Beoinnbbs. 18mo, pp. 112, price Is. 

These 'Outlines' — in many respects an epitome of the 'Elements' — 
are carefully prepared to meet the wants of beg^ners. The arrangfe- 
ment is the same as in the Author's larger works. Minute details are 
avoided, the broad outlines are graphically presented, the accentua- 
tion marked, and the most recent changes in political geography ex- 
hibited. 

IT. 
NINETEENTH THOUSAND. 

FIRST STEPS IN GEOGRAPHY. ISmo, pp. 56, price 4d. 

Sewed, or 6d. in Cloth. 

V. 

GEOGRAPHY OF THE BRITISH EMPIRE. Price Sd. 
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OPINIONS. 

flbr BOnntlCK IMPST MUKCUUON, K.C.B.. FresidaBt of the 
Bojal Geogratihical Society, Ui hit AnaiTemiy Address, 1864, saji 
of ths ' Etomtsts ' :~ " Among the elementary publications, I may direct 
attention to a neeful little work, by the Rot. Alexander Mackay, en- 
titled 'Elements of Modern Geographv* (Blackwood and Bone). In a 
former Address I Tentured to comipend the ' Manual of Geography * by 
the same author ; and the present production is an improved and care- 
ful epitome of that work, wnich can be recommended as a text-book to 
be used in the educational establishments of the country. ... I 
cannot but admire the assiduity and research displayed in ttte prepa- 
ration of this elementary treatise.** 

A. XSITH JOHNSTON, LLB. f.B.S.E. P.R.G.8., H.X. Gcogift- 
pher Ibr Seotlaiid, Author of the < Physical Atlas,* he he—" Then 
IS no work of the kind, in the Englbh or any other language, known 
to me, which comes so near my ideal of perfection in a school-book, oa 
the important subject of which it treats. In arrangement, style, 
■election of matter, clearness, and thorough accuracy of statement, it 
IS without a rival ; and knowing, as I do, the vast amount of labour 
and research you bestowed on its production, I trust it will be so ap- 
preciated as to insure, by an extensive sale, a well-merited reward.** 

Knglish Jonmal of Edncation.— "Of all the Manuals on Geography 
that have come under our notice, we place the one whose titie is given 
above (the ' Manual ') in the first rank. For fulness of information, for 
knowledge of methoa in arrangement, for the manner in which the de- 
tails are handled, we know of no work that can, in these respects, com- 
pete with Mr Mackay's Manual.** 

The London Weekly SeTiew.— ''The book (the 'Manual*) is a most 
valuable repertory of the facts of the science, remarkably full sxmI 
accurate in detail. We cordially and earnestly recommend it for the 
higher classes in schools, for colleges, and to a permanent place, for 
the purpose of reference, in the library.** 

Speststor.— " The best Geography we have ever met with." 

Athenmiin. — " Full of sound information, including the results <^ 
the most recent investigations, such as those of Captain Speke in 
Africa, and in every respect corresponding to the actual state of 
geographical knowleage, both physical and political." 

Xnsenm. — " We are glad to be able very strongly to commend the 
* Elements * to the attention of teachers, as one of the best, one of the 
Tsry good school-books of geography in existence. We can recommend 
it on account of its fulness, yet within manageable limits. Its informa- 
tion is the most recent. We have tested its accuracy, by comparison 
with independent sources of information within our reach, and ^st in 
fMMineetion with our own country, with Dfggffg^ and the 
S^tes : we have in noGusfound any 
Muoy Mid f^hness oi^^^^t adds t( 
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IMFBOVED EDITIONS. 



SCHOOL ATLASES 

By a. KEITH JOHNSTON, LL.D., &o. 

Author of the " Boyal Atlaa/' the <' Physical AUm," &c. 



I. 

ATLAS OF GENERAL AND DESOBIPTIYE 
GEOGRAPHY. 

A New and Enlarged Edition, sYiited to the bent Text-Books ; with 
Geographical information brought up to the time of publication. 
26 Maps^ clearly and uniformly printed in colours^ with Index. 
Imp. 8vo. Half-bd., 12s. 6d. 

11. 

ATLAS OF PHYSICAL GEOGRAPHY, 

Illustrating, in a Series of Original Designs, the Elementary Facts 
of Geology, Hydrography, Meteorology, and Natural His- 
tory. A New and Enlarged Edition, containing 4 new Maps and 
Letterpress. 20 Coloured Maps. Imp. Svo. Half-bound^ 12s. 6d. 

III. 

ATLAS OF ASTRONOMY. 

A New and Enlarged Edition, 21 coloured Plates. With an El6- 
mentary Survey of the Heavens, designed as an accompaniment to 
this Atlas, by Robert Grant, LL.D., &c.. Professor of Astronomy 
and Director of the Observatory in the University of Glasgow. 
Imp. Svo. Half-bd., 12s. 6d. 

IV. 

ATLAS OF CLASSICAL GEOGRAPHY. 

A New and Enlarged Edition. Constructed from the best mate- 
rials, and embodying tbe results of the most recent investigations, 
accompanied by a complete Index of Places, in which theproper 
quantities are given by T. Harvey and E. Worsley, MM.A., 
Oxou. 23 Coloured Maps. Imp. Svo. Half-bd., 12s. 6d. 

** This edition is so much enlarged and improved as to be virtually a new 
work, surpassing every thing else of the kind extant, both in utility and beauty." 
— AthencBum, 

V. 

ELEMENTARY ATLAS OF GENERAL AND DE- 
SCRIPTIVE GEOGRAPHY, 

For the use of Junior Classes ; including a Map of Canaan and 
Palestine, with General Index. Svo, half-bd., fis. 

" The plan of these Atlases is admirable, and the excellence of the plan is 
rivalled by tbe beauty of the execution. . . . The best security of tbe 
accuracy and substantial value of a School Atlas is to have it from the hands of 
a man like our Author, who has perfected his skill by the execution of much 
laiger works, and gained a character which he will be careful not to jeopai'disa 
1^ aUachlng his name to anything that is crude, slovenly, or supeificiaL"— 
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HEW ATLAS hj A. EEITH JOHNSTOIT. 



THE HANDY ROYAL ATLAS. 

By ALEX. KEITH JOHNSTON, LL.D. &c. 

Author of the ' Royal Atlas/ the * Physical Atlas,' &c. 

45 Maps Clbarlt Printbd and Cabefxtllt Coloured^ with 

General Index. 

Imperial Quarto, price £2, 128. 6d., half-bound morocco. 

* This work has been constructed for the purpose of placing in the hands d 
the public a useful and thoroughly accurate Atlas of Maps uf Modem Geogra- 
phy, in a convenieut fumi, and at a moderate price. It is based on the ' Royal 
Atlas/ by the same author; and, in so far as the scale permits, it comprises 
mativ of the excellences which its prototype is acknowledged to possess. The 
aim has been to inakH the lK>ok strictly what its name implies, a Handy Atlas 
— a valuable substitute for the * Roysl,' where that is too bulky or too expen- 
sive to find a place, a needful auxiliary to the Junior branches of families, and 
a vade mecum to the tutor and the pupil-teacher. 

** Is probably the best work of the kind now published."— Times. 

" Not only are the present territorial adjustments duly registered in all these 
maps, but the latest diHcoveries in Central Asia, in Africa, and America, have 
been delineated with laboiious fidelity. Indeed, the ample illustration of recent 
discovery, and of the great groups of dependencies on the British Cix>wn, renders 
Dr Johnston's the best of all Atlases for English use." — Fall Mall Gazette. 

** This is Mr Keith Johnston's admirable Royal Atlas diminished in bulk and 
scale, so as to be, perhaps, fairly entitled to the name of * liandy,' but still not 
so much diminished but what it constitutes an accurate and useful general Atlas 
for ordinary househohls." — Spectator. 

*' He has given us in a portable form geography posted to the last discovery 
and the last Revolution. "Saturday Review, 



Fourth Edition, Is. 6d. 

ENGLISH PROSE COMPOSITION, 

A PRACTICAL MANUAL FOR USE IN SCHOOLS. 



BY 



JAMES CURKIE, M.A., 

PRINCIPAL or THE CHUBCH OF SCOTLAND 
TRAINING COLLEGE, EDINBURGH. 



'* We do not remember having seen a work so completely to our mind as this, 
which combines sound theory with judicious practice. Proceeding step by step, 
it advances from the formation of the shortest sentences to the composition uf 
complete essays, the pupil being everywhere furnished with all needful assis- 
tance iu the way of models and hints. Nobody can work through such a book 
as this without thoroughly understanding the structure of (sentences, and 
acquiring facility in arranging and expressing his thoughts appropriately. It 
ought to be extensively used."— ^tAenojum, September 21, 1867. 
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W O B E S ', 

ON " 

&EOIO&T Aim PHYSICAL &EO&RAPHT. 

By DAVID PAGE, LL.D. F.KS.E. F.G.S. 



GEOLOGY FOB GEKEBAL BEADEBS. A Series of Popn- 

lar Sketches in Ooology and Palaeontology. Second Edition, containing 

several new Chapters. Price 68. 
'* This is pne of the best of Mr Page's many good books. It is written in a 
flowing popular style. Without illustration or any extraneous aid, the narra- 
tive must prove attractive to any intelligent reader." — GeologiccU Magazine. 

HANDBOOK OF GEOLOGICAL TEBMS, GEOLOGY, 

AND PHYSICAL GEOGRAPHY. Second Edition, enlarged. 7s. 6d. 

INTBODUCTOBY TEXT -BOOK OF GEOLOGY. With 
Engravings on Wood and Glossarial Index. Seventh Edition. 2s. 
'* or Tate it has not been our good fortune to examine a text-book on science 
of which we could express an opinion so entirely favourable as we are enabled 
to do of Mr Page's little work." — Athenceum. 

ADVANCED TEXT - BOOK OF GEOLOGY, Descriptiye 

and Industrial. With Engravings, and Glossary of Scientific Terms. Fourth 
Edition, revised and enlarged. 7s. 6d. 
" We have carefully read this truly satisfactory book, and do not hesitate to 
say that it is an excellent compendium of the gieat facts of Geohigy, and writ- 
ten in a truthful and philosophic apirit. "—£cftn&ar^^ ^Philosophical Journal. 

** We know of no IntToduction containing a larger amount of information in 
the same space, and Wliich we could more cordially recommend to the geologi- 
cal student." — Atfienopum. 

THE GEOLOGICAL EXAMINATOB. A Progressiye Series 

of Questions, ada^ited to the Introductoiy and Advanced Text-Books of 
Geology. Prepared to assist Teachers in framing their Examinations, and 
Students in testing their own Progress and Proficiency. Tliird Edition. 9d. 

INTBODUCTOBY TEXT -BOOK OF PHYSICAL GEO- 
GRAPHY. With Sketch-Maps and Illustrations. TliM Edition. 2s. 
" A work which cannot fail to be useful to all who are entering on the study 
of Physical Geography. We believe, indeed, that many will be induced to enter 
on the study from a jierusal of this little work. The divisions of the subject are 
so clearly defined, the explanations are so lucid, the relations of one portion of 
the subject to another are so satisfactorily shown, and, above all, the bearings of 
the allied sciences to Physical Geography are brought out with so much preci- 
sion, that every reader will feel that difficulties have been removed, and the 
path of study smoothed before him." — Athenceum. 

ADVANCED TEXT -BOOK OF PHYSICAL GEOGBA- 

PHY. With Engravings. 6s. 
** A thoroughly good Text- Book of Physical Geography."— Sa<t*rday Review. 

EXAMINATIONS ON PHYSICAL GEOGBAPHY. A Pro- 
gressive Series of Questions, ada^ited to the Introductory and Advanced 
Text-Books of Physical Geography. 9d. 

THE PAST AND PBESENT LIFE OF THE GLOBE. 

With numerous Illustrations. Crown 8vo, 6s. 

CHIPS AND CHAPTEBS. A Book for Amateurs and 

Toong Geologists, os. 
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VOBTIFICATIOV: FOB OmCEBS 09 THE ABXT AID STU- 
DENTS OF MILITART HISTORY. By Lient Hkhby Tulk, Bo^ 
EnginMn. With Illastmtioiis. 8iro, 10s. 6d. 

** An eieeUant nuuiaal; one of the best works of its dsss."— JBritiiii Am 
Jktpakk, 

In poet 6vo, price 5s. 
SLDDEHTAST ABXTEXETIC. By Edward Sang, F.B.8.E. 

This treatise is intended to supply the great desideratum of an inteUactoiI 
Instead of a roatine course of instruction m Arithmetic. 

In crown 8vo, price 58. 

THE HIOHSE ASITHMETIC. By the lame Author. Itafigi 
Sequel to ' Elementary Arithmetic' 

" We know, indeed, of no more complete philosophy of pure arithmetic tiiu 
they contain ; they are well worthy of Sir John Leslie's favourite impil Itii 
almost needless to add, that we consider the reasoning of these volnioes both 
thorough and close, and the expression of that reasoning uniformly simple ud 
clear.**— £dinbttr$r^ Weekly Review, 

Price Sixpence, for the Waistcoat Pocket 
HYE PLACE LOQAEITHMS. Arranged by E. Sang, E.S.S.E. 

TBEATI8E OE ARITHMETIC, with nomeroos Exerdses for Teachiis 

in Classes. By James Watson, one of the Masters of Heriot's HospitiL 
Foolscap, Is. 

AIESLIE'8 LAED-SUBVETIEa. A Eew and Enlarged Mtion, en. 
bracing Railway, Military, Marinb, and Geodetical Subvxtino. oj 
W. Oalbbaith, M.A. In 8vo, with plates in 4to, price 21s. 
** The best book on Land-Surveying with which I am aoquainte(L'''ViL 

Ruthkbtobd, LL.D. F.R AS., JRoycU Military Academy ^ Woolmch, 

Snt WILLIAM HAMILTOE'S LECTURES ON METAPHYSICS. 
Edited by the Rev. H. L. Maksel, B.D. LL.D., Waynflete Profefflpr« 
Moral and Metaphysical Pliilosopliy, Oxford ; and John Veitch, M.A.. 
Professor of Logic and Rhetoric in the University of Glasgow. Fourth m- 
tion. In 2 vols. 8vo, price 24s. 

SIR WILLIAM HAMILTON'S LECTURES ON LOaiC E<Uted'^ 
Professors MANSELand Veitch. Second Edition. In 2 vols. 8vo, pnce 2* 

nrSTITXrrES op MBTAPHYSIC. The Theory of Knowing td 
Being. By James P. Ferbier, B. A. Oxen., late Professor of Moral m 
loaophy and PoUtical Economy, St Andrews. Second Edition. Crown m, 
price 10s. 6d. 

BESCARTElS ON THE MEXfl^B^BIOHTLT 

REASON, and Seeking Tr^r ^^es ; and his 

SELECTIONS from his F^ IF PHI ' 

price 48. 6d. 

CHOIX DES MEILLEUR 

de Divers Commentateurs. 
Fcap. 8vo, price 4b. 6d. 
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Sixteenth Edition. 

EFITOHE OP ALISON'S HISTOET OF EUBOPE, fn the Uie of 

Schools and Tounq Persons. Post 8vo, pp. 604, price 7b. 6<L bound in 
leather. 

In compiling this Epitome, it has heen specially held in view to omit or sup- 
press no fact of the slightest importance, and to limit the abridgment to the 
condensation of the minor and accessory details ; and it is tmst^ that an ad- 
herence to this rule, while it has produced a work in which the interest of tiM 
narrative never flags, has also secured a history of the time in all essential par- 
ticulars as complete as the more voluminous records of it. 

A Chronological Table has been added of all the principal events, so arranged 
as to give a clear idea of the order in which they succeed each other ; and a rail 
Table of Contents, containing a synopsis of the subjects treated of in the body 
of the worlc. 

ATLAS to Epitome of the History of Europe. Eleven Coloiired Maps, 
by A. Keith Johnston, LL.D. F.R.S.E. In 4to, price 7s. 

School Edition, post 8vo, with Index, price 6s. 

HISTOET OP PBANCE, from the Earliest Times to 1848. By the 

Rev. James White, Author of 'The Eighteen Christian Centuries.' 

"This book makes an attempt to furnish a readable account of the country 
with which we are in closest neighbourhood, and yet of whose history the gen- 
erality of us know less than of that of aimost any other kingdom. It aims at 
something higher than a mere epitome, for it founds itself on a great deal of 
various reading, and gives results more than abstracts. At the same time it 
devotes sufficient space to any occurrences which seem to have a general bear- 
ing on the progress or character of the nation. But it does not profess to be 
very minute in its record of trifling or uninfluential occurrences, nor philoso- 
phic in searching out the causes of obscure events. "—Author's Pri^ace. 

"Contains every leading incident worth the telling, and abounds in word- 
painting, whereof a paragraph has often as mnch active life in it as one of those 
inch-square etchings of the great Callot." — Athencsum. 

School Edition, post 8vo, with Index, price 6s. 

THE EIGHTEEN CHEISTIAN CENTUEIES. By the Bev. James 

White, Author of * The History of France.' 

" He has seized the salient points — indeed, the governing incidents — ^in each 
century, and shown their received bearing as well on their own age as on the 
progress of the world. Vigorously and briefly, often by a single touch, has he 
mHrked the traits of leading men; when needful, he touches slightly their 
biographical career. The state of the country and of society, of arts and learn- 
ing, and, more than all, of the modes of living, are graphically sketched, and 
npon the whole with more fulness than any other division.'*— Speetator. 

" By far the best historical epitome we have ever perused, and it supplies a 
great want in tliis knowing age." — Attas. 

ELEMENTAET TEXT -BOOK OF SCBIPTTJBE HISTOBT. By 

Thomas Stbuthebs. Part I. From the Creation to the Death of Moses. 
Price 6d. 

L A 6L0S8ABT OF NAVIGATION. Ck>ntaiiii]ig the Definitioiis and 

^ Propositions of the Science, Explanation of Terms, and Description of In- 
^r ifarament8. By the Rev. J. B. Harbord, M.A, St John's College, Cam- 
0V *-*-■'»«; Chaplain and Naval Instructor, RN. In Crown Octavo, lUus- 
with Diagrams, price 6s. 

mS AND DLAOBAKS IV ASTBONOMT AND NAVIGA- 

Y the Same. Price Is. Od. 

7£OEO0B/^ I Bitter. Trandated by W. 

cap., price f 
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